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ABSTRACT
Whether  or  not information p rocess ing  d i fferences  between severe ly  
p ro found ly  r e t a rd e d  (SPR) and normal individuals  may be a t t r i b u t e d  to 
t h e  inabili ty of  s e v e re ly /p ro fo u n d ly  r e t a rd e d  individuals  to utilize 
rehea rsa l  s t r a t e g ie s  was invest iga ted  in th is  s tu d y .  The r ep re s e n ta t iv e  
a ges  were chosen based  on developmental t r e n d s  in the util ization of 
p rocess ing  s t r a t e g i e s .  The se lected  ages  were 5- ,  7- ,  11-, and  15- 
y ea r -o ld s  for the  normal g ro u p ,  and  7- ,  11-,  and  15-year-o lds  for the 
SPR g r o u p .  A sample of  140 male (60 SPR and 80 normal) were random­
ly selected from a c r i te r ia - se lec ted  population.  Subjec ts  were randomly 
as s ig n ed  within age by  intel ligence level into exper imental  (E) and  
control (C) g ro u p s  of 10 individuals  each.
A piece of  equipment  was des igned  to measure reaction time (RT) ,  
decision time (DT) ,  movement time (MT^ and MT^) and response  time 
(T R T ) .  T h e se  measures  were util ized to indicate the  p r e sen ce ,  absence ,  
an d  level of  sophis t icat ion of rehearsa l  s t r a t e g ie s .  The  des ign  for  the 
s tu d y  was age  x intel ligence level x t rea tm en t  condit ion.  The r e su l t s  
were analyzed in 3 d i f fe ren t  ways .  The  f i r s t  analys is  was performed
utilizing only data from the normal g ro u p .  Results indicated th a t
performance  improves ac ross  ages  from 5 y ea rs  to 15 y ea r s .  E and C 
g ro u p  performances  were s ignif icant ly  d i f fe ren t  a t  the  5 -year-o ld  age 
level.  C g ro u p  performances  approximated th e  E g roup  performance a t  
the  s u b s e q u e n t  age levels.  The similar performance of the E and C 
g r o u p s  a t  the older  age levels was explained b y  the  spontaneous  u se  of
rehea rsa l  s t r a te g ie s  in the  C g r o u p .  These r e su l t s  ver if ied  tha t  infor­
mation p rocess ing  s t r a t e g ie s  such  as  rehearsal  a r e  developmental in 
n a tu r e ;  i . e . ,  the  lack of spon taneous  rehearsal  by 5 -year-o lds  p roduced
xii
the  s ignif icantly  b e t t e r  performance  by  the  E g roup  when compared to 
the  C g ro u p .
The  second ana lys is  matched SPR and normal individuals  by c h rono­
logical a g e .  Since t h e r e  were no 5 -year-o lds  in the SPR g r o u p ,  the  
5 -year-o ld  normal g roup  individuals  were omitted from th is  ana lys is .  
Results  indicated th a t  some developmental t r e n d s  were p r e se n t  in the  
SPR g r o u p ,  s ince  improvement was a p p a r e n t  across  ages .  SPR and E 
and C g ro u p  performances  ac ross  all ages  i l lust ra ted  tha t  SPR E g ro u p  
performance was cons is ten t ly  s u p e r io r  to performance of SPR C g r o u p .  
The two t re a tm e n t  g ro u p s  for SPR did not  approximate one an o th e r  a t  
the  older  age levels which indicated t h a t  v e r y  little spontaneous u se  of 
rehea rsa l  s t r a t e g ie s  was o cc u r r in g  in the  C g r o u p .
The th i rd  analys is  r eg ro u p e d  the  chonological age matched SPR 
and normal g ro u p s  into Developmental Levels .  This  was accomplished 
by  matching th e  5 -year-o ld  normal indiv iduals  with the 7 -year-o ld  SPR 
indiv iduals ,  7 -year-o ld  normal individuals  with 11-year-old SPR indivi­
du a ls ,  an d  11-year-o ld  normal indiv iduals  with the 15-year-old  SPR 
ind iv iduals .  Results  indicated th a t  the  performance of the older SPR 
individuals  was c loser  to the performance of the  you n g e r  normal indivi­
d u a l s .
The  general  conclusions  of the s tu d y  s u g g es ted  th a t  information 
process ing  d i f ferences  between SPR and normal individuals  could be 
a t t r ib u te d  to the inabili ty of  the SPR individuals to utilize rehearsal  
s t r a t e g ie s .
xi i i
C hap te r  1 
INTRODUCTION
Performance and cognit ive d i f fe rences  ex is t  between young  chi ldren  
and  ad u l t s ;  these  same d i f fe rences  ex is t  between normal and r e t a rd e d  
indiv iduals .  The  p u rp o se  of th is  s tu d y  was to invest igate  d i f fe rences  
and  similarities in information process ing  abil i t ies,  the  memory system 
opera t ion  of r e t a rd e d  individuals  as  compared to normal individuals  of 
the same chronological ag e ,  and the  ef fec ts  of these  abili t ies upon motor 
perfo rm ance .  Basic to the u n d e r s t a n d in g  of  these d i f ferences  between 
normal and r e t a rd e d  individuals  in the i r  abili t ies to process  information 
is an u n d e r s t a n d in g  of  the information p rocess ing  system itself.  Refer ­
r ing  to information p r o c e s s i n g . abili ty may be cons idered  the same as 
examining the  operat ion of memory.
T h ro u g h  the y e a r s  many theor ies  on memory have been developed.  
The mult istore  th eo ry  o f  memory is a f requen t ly  cited framework. 
Atkinson and Shiff r in  (1968, 1971 ) developed a mult istore  theory based 
on the  conception o f  d i s t in c t  long-term and  sh o r t - te rm  memory s to r e s .  
Similar to o th e r  mult is tore  models for memory, th e  Atkinson and Shiffrin 
(1968) model emphasizes th re e  a spec ts  of  memory s to rage :  s e n so ry  r eg i s ­
t e r s ,  s h o r t - t e rm  s to r e ,  an d  long-term s to re  (Naus,  O rns te in ,  & Hoving, 
1978).
Atkinson and Shiffr in  make a d is t inct ion between long-and s h o r t ­
term s to re  and  long-and s h o r t - te rm  memory. They  use the term s to re  
to re fe r  to a theoretical c o n s t r u c t  and memory to re fe r  to the actual 
phenomenon of  memory a s  we th ink  of i t .  Shor t - te rm  s to re  re ta ins  
information for  a v e ry  s h o r t  time (h u n d re th s  of milliseconds) un less  a 
control p rocess  such  as  reh ea rsa l  is in i t ia ted .  Information would travel
th ro u g h  these  th re e  s to rage  systems as indicated by the  following 
diagram.
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Information process ing  may be considered  as  developmental in 
n a tu r e ;  i . e . ,  adu l t s  p rocess  information in a more efficient manner  than  
ch i ld re n .  Addit ional ly, older ch i ld ren  process  information more effi­
ciently  than  young ch i ld ren  (Chi,  1977). Mentally r e t a rd e d  individuals  
ap p e a r  to process  information much less efficiently than normal indivi­
duals  of the same chronological age  (CA) bu t  their  p rocess ing  abili t ies
cor re la te  highly with ch i ld ren  of the same mental age (MA) (Ellis, 1970). 
Skill acquis it ion  may only  o ccu r  as a re su l t  of information p rocess ing  
ultimately allowing information to be s to red  in long-term memory.
Hence, when the information is r e t r ieved  from long-term memory and 
c o r rec t ly  applied to fu tu re  s i tu a t io n s ,  the individual is believed to have 
learned (or  be in the  p ro cess  of learning)  a skill o r  task .
Although th e  l i t e ra tu re  is rep le te  with research  on developmental 
a sp e c t s  of information p rocess ing  in individuals of normal intell igence, 
r e sea rch  on information process ing  in s ev e re ly /p ro fo u n d ly  r e t a rd e d  
(SPR) individuals has no t  y e t  been u n d e r t a k e n .  Some re sea rch  has
been conduc ted  on information process ing  abili ties of  educable  mentally
r e t a rd e d  indiv iduals  with comparisons  d rawn between them and  normal 
indiv iduals  co r re sp o n d in g  in mental age .  Additionally, l i te ra tu re  is 
available on cognit ive development and theor ies  of cognit ive development 
in mentally r e t a rd e d  ind iv iduals .  To prov ide  b ackground  information 
and  a frame of r e fe ren ce  for comparat ive d i f fe rences  in information p ro ­
cess ing  abi li t ies of  normal and  s ev e re ly  r e t a rd e d  individuals the review 
of  re la ted  l i te ra tu re  in th is  s tu d y  did the  following:
1. Examined a basic model o f  developmental  information p ro cess ­
ing and  an e x p (anation of its d i f fe rences  across  ages .
2. Examined some theor ies  o f  cogni t ive  development  in mentally 
r e t a rd ed  indiv iduals .
3. Used a developmental information p rocess ing  approach  in 
a s se s s in g  the  d i f fe rences  between normal and r e ta rd ed  indivi­
duals  in use of memory.
S ta tement  of the Problem
The problem u n d e r  invest igation was whether  information p rocess ­
ing d i f fe rences  between s ev e re ly /p ro fo u n d ly  r e t a rd e d  and  normal indivi­
dua ls  may be a t t r ib u te d  to the  inabili ty of SPR individuals to util ize 
rehearsa l  s t r a t e g ie s .
Hypotheses
Hypothes is  One
The  performance of the normal individuals  will be super io r  to the 
performance of the  SPR individuals  a t  each age g ro u p  comparison.
Hypothesis  Two
An increase  in performance  on all d e p e n d en t  var iab les ,  decision 
time (D T) ,  reaction time (MRT), re sponse  time (R pT) ,  movement time
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one (MT^), movement time two (MT^), total re sp o n se  time (T R T ) ,  e r r o r  
one (E^) ,  and e r ro r  two CE^), will be obse rved  across  the age g ro u p s  
as  the re su l t  of maturational  e f fec t s .
Hypotheses T h ree
The  performance of the o lder  individuals in both the SPR and 
Normal g ro u p s  will be cons is ten t ly  super io r  to the performance of the 
y o u n g e r  individuals in the  same g r o u p .
Hypothes is  Four
RpT for . 5 -y ea r -o ld  Normal individuals  in the  experimental (E) 
g roup  will be s h o r t e r  than  th a t  on the  5-year-o ld  control (C) g ro u p .
Hypothes is  Five
The  SPR E and C g ro u p s  will not d i f fe r  signif icantly  on RpT a t  5 
yea rs  of age .
Hypothes is  Six
Beginning with the 7 -y ea r -o ld  g ro u p ,  th e  SPR E g roup  will demon­
s t r a t e  a s h o r t e r  ( su p e r io r )  RpT than  the SPR C g roup  across  remaining 
ages .
Hypothes is  Seven
The E and C g roup  7 -y ea r -o ld  normal individuals  will be closer on 
performance in RpT than  th e  5 -yea r-o ld  Normal E and C g ro u p s  as  a 
re su l t  of spontaneous rehearsa l  s t r a t e g ie s  beginning to be used a t  tha t  
age .
Hypothesis Eight
Performance on RpT for  the  11- and 15-year-o ld  Normal E and C 
g ro u p s  will be the same, as  a r e su l t  of  rehearsa l  s t r a teg ie s  being fully 
developed in both  g r o u p s  and th u s  u se d  spontaneously  in the C g roup .
Hypothesis Nine
The  5 -yea r-o ld  SPR and E and C g ro u p s  will show no d ifference in 
performance with r e sp e c t  to DT.
Hypothesis Ten
Beginning a t  7 y e a r s ,  t h e  SPR E g roup  will demonstra te  a slight 
improvement in DT performance as  compared to the SPR C g roup  and 
will continue to show a s teady  improvement across  the remaining age 
g ro u p s .
Hypothesis Eleven
The SPR C g ro u p s  will dem ons t ra te  only a minimal improvement in 
MT^ and MT^ as  a r e su l t  of the i r  inabili ty to spontaneously  use informa­
tion process ing  s t r a t e g ie s  such as r e h e a rsa l .
Hypothesis Twelve
Performance of the  11- and  15-year-o ld  Normal E and C g roups  will 
not be d i ffe ren t  for DT as  a r e su l t  of th e  more ef ficien t use of  r e h e a r ­
sal and  o ther  information p rocess ing  s t r a t e g i e s .
Hypothesis Thir teen
The  5 -year-o ld  SPR C and E g ro u p s  will not be d i f fe ren t  on MT^, 
but  a gradual  improvement in performance will be observed  across  all 
age g ro u p s .
Hypothes is  Fourteen
MT  ̂ performance will not  be d i f f e ren t  for Normal E and C g ro u p s ,  
bu t  an increase  in performance will be noted from the  5 -year-o ld  to the  
11-year-old  age g r o u p s .
Hypothesis  Fifteen
The  performance of the SPR E and C g ro u p s  will not be d i f fe ren t  
on MT^, b u t  will have  minimal improvement noted across  age g r o u p s .
Hypothes is  Sixteen
Normal E and C g ro u p  performance on MT^ will not  be d i f fe ren t ,  
bu t  increases  in performance for the  5 -year-o ld  to the  11-y e a r -o ld s  age 
g ro u p s  will be ob se rv ed .
Operational Definitions
Decision Time (DT)
Was def ined as  the amount of time re q u i re d ,  from the  presen ta t ion  
of s timulus ,  by an individual to decide upon and initiate a specific 
re sponse . .  The  time th a t  elapsed from th e  presen ta t ion  of the probe  
light to the  release of the home key,  minus the  mean reaction time for
t h a t  individual ,  was the decision time.
E rro r  One (E^)
Was the number  of times incor rec t  re sponse  keys  were p re ssed  by 
an individual within r e sponse  keys  1 t h ro u g h  5.
E r ro r  Two (E^)
Was the number of times within response  keys  5 t h ro u g h  10 th a t
incorrec t  re sponse  keys  were p re s se d  by  an individual .
Induced Rehearsal ( IR)
Was the term used to r e fe r  to even ts  tha t  were organized by  the  
exper im ente r  to cause indiv iduals  to rehea rse  information tha t  they  
would not have rehea rsed  spon taneous ly .
Movement Time (MT)
Was the time necessa ry  for individuals  to initiate and complete a 
movement.
MT1
Was the amount of time between the  release of the home key and  
the touching of the re sp o n se  key co r re spond ing  to the  f i r s t  aud i to ry  
s timulus .
m t 2
Was the amount of time a f te r  the release  of the response  key for 
the  f i r s t  aud i to ry  stimulus unti l  the  re sponse  key co r re sp o n d in g  to the  
second aud i to ry  stimulus was touched .
Normal Group
Was the term used to r e fe r  to sub jec ts  not  receiving any  type  of 
remedial or  special in s t ru c t io n .
Reaction Time (MRT)
Was the time lag t h a t  o ccu r red  be tween the p resen ta t ion  of a stimu­
lus to an individual and  the  initiation of  movement to tha t  s timulus.  
MRT was determined by r eco rd in g  20 Reaction Time (RT) scores  of each 
individual.  The f i r s t  5 and last 5 t r ia ls  were d isca rded  to eliminate 
lack of  familiarity and  fa t igue  ef fec ts ,  and  the  remaining 10 were a v e r ­
aged to yield a mean RT (MRT) for each individual.
Response Time (RpT)
Was the amount of time th a t  e lapsed between the p resen ta t ion  of 
the  p robe  light and  the  indiv idual 's  re lease of the home key .  This  
measurement included DT for each tr ia l .
Severe ly /Pro found ly  Re ta rded  (SPR)
Specifically for desc r ib ing  th e  population used  in this  s tu d y ,  th ese  
individuals  were defined as  ambula tory  and n o n -v e rb a l ,  with an intelli­
gence  quo t ien t  (IQ) below 30 (based  on sco re s  from var ious  te s t s  
employed and recorded  b y  the  var ious  coopera t ing  in s t i tu t ions) .
Total Response Time (TRT)
Time elapsing from th e  p re sen ta t ion  of the p robe  l ight  to the touch­
ing of the  re sponse  key co r re sp o n d in g  to the second audi to ry  s timulus.
Assumptions
Based on extrapolat ion of p rev ious  r e s e a r c h ,  the following assum p­
tions were made:
1. Nonre tarded  individuals  a re  capable of developing control p ro ­
cesses  for information p rocess ing  ( i . e . ,  rehearsa l  s t r a teg ie s )  
a s  they m atu re .
2. Decision time can be estimated by  su b tr a c t in g  ou t  mean reac­
tion time for each su b jec t .
3. The  individuals in the  SPR g ro u p  a re  capable of learning 
( i . e . ,  some level of basic skill a cqu is i t ion) .
Delimitations
The non-verba l  condi tion of the SPR populat ion will p r e v e n t  them 
from verbal ly  e x p re s s in g  an y  lack of  u n d e r s t a n d in g  of the task r e q u i r e -
ments .  The ex tens ive  t ra in ing  of the  g ro u p  will compensate for this  
def ic iency .
The  sub jec ts  for the s tu d y  were randomly selected insofar  as  the 
availabii i ty of the  d es igna te d  population allowed.
During th e  tra in ing por t ion of the s tu d y ,  th e  l igh t  d u ra t io n  was 
increased  to facilitate t a s k  u n d e r s t a n d i n g .
In the  even t  tha t  an individual failed to initiate any ty p e  of 
re sp o n se  before  15 seconds  (sec)  e lapsed ,  tha t  trial  was d i sca rd e d .
Individual d if ferences  in abi li t ies may have  been increased within 
the SPR populat ion,  s ince  mental age (MA) fac tors  were n e i th e r  mea­
s u re d  nor controlled.
Because the re  is ev idence s u g g e s t in g  t h a t  d i f fe rences  may e x i s t  
between information process ing  effic iency of males and  females,  to p r e ­
v e n t  confounding  th e  re su l t s  only male sub jec ts  were u sed .
The re su l t s  of the s tu d y  a r e  general izable  only to SPR males.
Significance of the S tudy
The recen t  passage  of Public Law 94-142 gave impetus to the open­
ing of  the  doors  of educational facili t ies to almost all levels of mentally 
r e t a rd e d  individuals .  In the  p a s t ,  SPR individuals  have been denied 
educational  s e rv ices  and ,  a s  a r e su l t ,  have  been placed in s ta te  ins t i tu­
t ions.  With the oppor tun i t ies  now available to this  populat ion,  educa­
to rs  will be faced with the necess i ty  of  of fer ing  educational s e rv ices  of 
an ap p ro p r ia te  type  to these  ind iv iduals .  Although re sea rch  has  been 
conduc ted  on developmental information p rocess ing  and  control p rocesses  
in mentally r e t a rd e d  indiv iduals ,  all s tu d ie s  have  been done  within the  
mild-to-moderate  range ,  t h u s  prov id ing  no information on SPR ch i ld ren .  
Since most individuals  within th e  mild-to-moderate  range  of  re ta rda t ion
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a re  a l ready receiv ing  educat ional  s e rv ic e s ,  i t  seems imperative tha t  
re sea rch  be done so tha t  e d u ca to rs  may be prov ided  with information on 
the  population most in need of se rv ices .  Previous re sea rc h  in the  area  
of  memory of th e  mentally r e t a rd e d  s u g g e s t s  tha t  information process ing  
s t r a t e g ie s  ap p e a r  to be an important  var iab le  in determining effect ive  
learning s t r a t e g i e s .  In conclus ion ,  th e  lack o f  data available on infor­
mation p rocess ing  in the  SPR is evidence of the need for r e sea rch  in 
this  area  as  a means of e s tab l ish ing  possible re la t ionships  between infor­
mation p rocess ing  s t r a t e g ie s  and the  facilitation of basic skill develop­
ment in the SPR populat ion.
At leas t  th re e  reasons  may be g iven  for  the cons idera t ion  of an 
information process ing  model in the s tu d y  of exceptional individuals  
(SPR in th is  c a s e ) .  F irs t ,  T o rgesen  (1978) pointed out  tha t  memory 
p rocesses  play a centra l  role in all models of information p rocess ing .  
The  invest igat ion of memory and  memory functioning is d i re c t ly  r e levan t  
to the  way information is a c q u i re d ,  s to r e d ,  se lec ted ,  and recal led .
Secondly ,  an  a rgum ent  has  been made th a t  a p r e re q u is i t e  to the 
u n d e r s t a n d in g  of atypical  information p rocess ing  is ins ight  into what 
c o n s t i tu te s  information p rocess ing  for  normal ch i ld ren  (Ellis, 1978; 
Simon & Newell, 1971).
Finally,  a l though  th e r e  has not  been a concer ted  invest igat ion of 
memory functioning of exceptional ind iv iduals ,  especially SPR, problem 
solving skills of EMR chi ld ren  and adu l t s  have been invest igated  
(Belmont S But te r f ie ld ,  1969; But terf ie ld  S Belmont,  1977; Campione & 
Brown,  1977). T h u s ,  an  information p rocess ing  approach  g ives  added 
dimension to the  s tu d y  of  exceptional individuals  by prov id ing  ties to 
learning th ro u g h  differential  models of human memory, a notion of what
cons t i tu tes  intelligent problem-solving behav io r ,  and  how t h a t  behavior  
d iffers  from the problem-solving behavior  of individuals  with general ized 
cognit ive def ic its .
C hap te r  2 
REVIEW OF LITERATURE
S h or t - te rm  s to re  (STS) is cons ide red  by  Atkinson and Shiffrin 
(1968) to be of  limited capac i ty  an d ,  unless  input  is maintained in an 
act ive  s ta te  by  control p rocesses  such as  r eh ea rsa l ,  g ro u p in g ,  recoding ,  
a n d / o r  naming (Chi,  1976), i t  will be replaced by o the r  input  or  be 
moved to long-term memory (LTM). (See Introduction for distinction 
between LTS and  LTM.) The control p rocesses  formerly mentioned a r e  
u n d e r  the  control of  the subjec t  and a r e  basically th e  p rocedures  used  
for maintaining information in s h o r t - te rm  s to re  (STS) ,  g roup ing  and 
labeling information in STS before  transmiss ion to long-term s to re  
(LTS) ,  and ex t r ac t in g  information from LTS in o rd e r  to combine it with 
information in STS and th en  place the new combination of information 
back in LTS. Long-term memory is cons ide red  potent ial ly unlimited in 
capac i ty .  The l i t e ra tu re  previously  cited  lends c redence  to the p rob­
abili ty th a t  organization in LTM is a system o f  genera l  associations with 
hemispheric  specialization relat ing to information s to rage  from different  
modalities—aud i to ry  and visual ,  for example. S t ra teg ies  o r  programs 
t h a t  a re  s to re d ,  learnable ,  and  modifiable a re  used to control behavior ,  
including the  internal behavior  of th ink ing  (Newell S Simon, 1972).
The  var iab les  of developmental information process ing  essential  to 
the  u n d e r s t a n d in g  of this  s tu d y  are  the control  p rocesses :  rehearsa l ,  
naming, g ro u p in g ,  and  recoding .  These  control p rocesses  move the in­
formation within the  memory sys tem ,  and th ey  remain u nde r  the control 
of  the p ro ce sso r .  Inadequate  development of these  p rocesses  or their  
inappropr ia te  utilization by the p rocesso r  will r e su l t  in the information 




Developmental information process ing  theor is t s  believe th a t  an 
individual within the  f i r s t  few y ea rs  a f te r  b i r th  has  es tab li shed  a capa­
city  in working memory (working memory is roughly  cons ide red  the  
same as sh o r t - te rm  memory).  Various theor is t s  have developed con­
cep ts  on the finite capac i ty  of  working memory. A commonly accepted 
theory  is th a t  of Miller (1956) who defines  capaci ty  in terms of s lo ts .
• f
He s ta te s  tha t  th e re  a r e  7 - 2  slots available in working memory a t  
b i r th  and th a t  this  capaci ty  remains co n s ta n t  th roughou t  l ife.  The 
number used r e fe r s  to t h e  maximum amount of information, c h u n k ,  th a t  
may be re tained s imultaneously  a t  any given time in working memory. 
These c h u n k s  of information may v a ry  in size with re spec t  to the  way 
the  individual uses  g ro u p in g  and  recoding control p rocesses .  Consis­
t e n t  use of  g ro up ing  and recoding s t r a t e g ie s  would resu l t  in la rger
c h u n k s  of information be ing  c rea ted  than  merely us ing  rehearsal  s t r a t e ­
gies would, since  reh ea rsa l  involves mostly repet i t ion of the information 
remembered .
An important  point to emphasize about  specific s t r a te g ie s  used  for 
a t tend ing  to and ut il izing information is tha t  they  increase  in profi ­
ciency with age.  T h e se  control p ro ce sse s ,  o r  learned  s t r a t e g ie s ,  ex i s t  
within the  long-term memory (LTM), and  they function u n d e r  control  of 
the  p rocessor  as decis ion p ro cesse s  determining what  action to perform 
on the information in s h o r t - t e rm  memory (STM). Acquisition of a s t r a ­
t eg y  by an individual is no t  suff ic ient  in i tself;  the individual must also 
know how to use th a t  s t r a t e g y .  Chi (1976) s ta ted  th a t  young children
a re  defic ient in s t r a t e g ie s  n ecessa ry  for coding information and main­
taining it in STM. Ultimately, the  lack of efficient s t ra teg ies  for
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movement of information within the system r e su l t s  in a limited knowledge 
base and an increase  in time for p rocess ing  information (Chi,  1977; 
Wickens, 1974).
Based on developmental information p rocess ing  th eo ry  t h a t  an indi­
v idual 's  abi li ty to p rocess  information from the  environment  is develop­
mental in n a tu re ,  one may e x p e c t  th a t  as individuals  increase in age 
they will a tta in  a more ex ten s iv e  knowledge base .  The en t i re  process  
will then  r e su l t  in the individual having  developed many d i f f e re n t  s t r a ­
tegies  and control  p ro c e s s e s ,  as  well as  a knowledge of how to employ 
them in p rocess ing  informat ion.  T h e  knowledge of how to employ the  
developed s t r a t e g ie s  will d e c rease  the  amount of time n e cessa ry  to p ro­
cess  the information by  prov id ing  more essential information to be uti­
lized d u r in g  a sh o r t  period of time (Chi, 1976, 1977; Gallagher  & 
Thomas, 1980; Pascual-Leone,  1970).
The investigat ion of an individual 's  abili ty to p rocess  information is 
not bound to cognit ive t a s k s .  This  theoret ical  framework appl ies  v e ry  
well to motor skill l ea rn ing .  Many motor theor is t s  have conducted 
s tud ies  in an a t tempt  to develop a more complete u n d e r s t a n d in g  of the  
centra l  p rocess ing  a s p e c t s  involved befo re ,  d u r in g ,  and  a f te r  a motor 
response  is ini t iated .
Keele (1968) examined movements and th e i r  re levance to the u n d e r ­
s tand ing  of pe rcep tua l  and memory skill .  Theoriz ing tha t  the  motor 
program developed by  an individual is a sequence  of s to red  commands, 
he expla ined th a t  once ini tiated  an en t i re  movement would be ca r r ied  
ou t  without requ i r ing  per iphera l  feedback .  Th is  approach  views the 
motor program as the con tro l le r  of the  movement r a th e r  than the  move­
ment i tself.
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Information p rocess ing  abil i ty will ultimately have an effect  on the 
success  of the  motor re sp o n se .  An a c cu ra te  motor re sp o n se  d ep en d s  on 
an indiv idual 's  abili ty to accura te ly  an d  cons is ten t ly  coordina te  internal 
information; i . e . ,  information in STM and  LTM, with ex te rna l  stimuli a t  
a g iven  moment (Gerson 6 Thomas, 1978; K er r ,  1975; Newell & Boucher,  
1974.; Schmidt & White, 1972). R e sea rch e rs  examining process ing  abili­
t ies  of individuals  across  ages  for motor ta sks  have found a high c o r r e ­
lation between process ing  abil i ty  and  age .  Zaichkowsky (1974) invest i ­
ga ted  s h o r t - te rm  memory as  a limiting fac tor  in the development of p e r ­
ceptual  motor sequencing  abi li ty in 5-9 year  o lds.  He found th a t  not  
only does  sequencing  abi li ty improve with age b u t  also tha t  it is d i re c t ­
ly re la ted  to the organizat ional  s t r a t e g i e s  util ized by the  chi ld. 
Zaichkowsky (1974), Thomas (1980), a n d  Chi (1976, 1977) indicated th a t  
the  basic STM parameters  a re  developmental in n a tu r e ,  co r re sp o n d in g  to 
the  age of the individual,  and  th a t  these  pa ram eters  a re  p robab ly  e s ta b ­
lished th ro u g h  learn ing .  The  y o u n g e r  ch i ld 's  def iciency in the control 
p rocess  of coding and  maintaining information in STM a p p ea r s  to be 
respons ib le  for this  phenomenon.  Given th a t  def icits in control  p roces ­
s e s  may accoun t  for the inequivalence in information p rocess ing  effi­
ciency between adul ts  and ch i ld ren  and  also possibly between r e t a rd e d  
individuals  and normal intel ligence individuals ,  before  proceeding with 
evidence in s u p p o r t  of th e  la t te r  s ta tem en t ,  the  control p rocesses  must  
be defined b r ie f ly .
Control P rocesses  
Control p rocesses  a re  ut il ized in the  development of automatic pro­
c es s in g .  T hese  p rocesses  r e q u i re  capacity  in STM and a t ten t ion  by the  
individual .  In the even t  th a t  the  control  p ro cess  does not  use all avail­
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able capacity  in STM, th en  se q u e n ce s  of information may be processed  
in paral lel .
Control p rocesse s  a re  readily accessib le  and momentarily adap tab le .  
T h ro u g h  lea rn ing ,  co n s is te n t  use o f  control p rocesses  a s s i s t s  in the  
development of automatic p ro c e s s e s .  T he  development of automatic p ro ­
cesses  r e q u i r e s  lesser  and lesser  amounts  of STM capaci ty  to accommo­
da te  increasing amounts  of,  o r  increased complexity in ,  information. 
Eventual ly ,  as the automatic p rocesses  evolve,  no STM capaci ty  is 
r e q u i r e d .  Since bo th  control an d  automatic p ro cesses  ex is t ,  r e sponses  
to novel s i tua t ions  may be made while increasingly  more complex items 
a re  l ea rn ed .
Chi (1976) listed four  ty p es  of control  p ro cesse s :  reh ea rsa l ,
naming, g ro u p in g ,  and recoding .
Rehearsal
Rehearsal  may be cons idered  as  "an i tera t ive  p rocess  by which 
materials in STM are  continually  a t t en d e d  to in serial fashion"  (Chi,  
1976, p .  536).
Additionally, rehearsa l  has  the following ch a ra c te r i s t i c s :
1. It is u n d e r  conscious control  of the  p rocesso r .
2. Verbal materials ,  if they a r e  easily confused  aud i to r i ly ,  will 
impede the  p rocess .
3. Time is necessa ry  for  the  p rocess  to be completed between 
the  s timulus and recall .
Daehler e t  al.  (1969) pointed ou t  th a t  spontaneous  rehearsa l  does
hot  begin to occur  in chi ldren unti l  a f t e r  age  5. This  s ta tement  is su b ­
s ta n t i a t e d ,  according  to Chi (1976), by lack of:
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1. Primacy e f fec ts  in serial posit ioning c u r v e s .
2. Between item p au se s  d u r in g  acquis i t ion .
3. Lack of  labial movements (as  reco rded  by  an  e lectromyograph)  
d u r in g  per iods  of  re ten t ion .
4. Auditory confusions  d u r in g  recal l .  O rns te in  and Naus (1978) 
s ta te  t h a t  rehearsa l  s t r a teg ie s  seem to become more complex 
with age until 11 y e a r s .
T h e re  a re  th re e  fac to rs ,  accord ing  to Chi (1976), which seem to 
account for the  development of  more sophis t ica ted rehearsa l  s t r a te g ie s :
1. T he  rehearsal  p ro cess  is p u t  to g e th e r  p ro p e r ly .
2. The co r rec t  time for implementation of the  process  is known
by the  ind iv idua l .
3. The  p ro p e r  method of execution of the p rocess  is known by  
the individual .
Naming
Naming is the p rocess  of pair ing a visual s timulus with a verbal  
label.  It is important to emphasize here  t h a t  naming may occur  consis ­
ten t ly  without s u b se q u e n t  r e h e a r s a l . Even though  5 -y ea r -o ld s  consis­
ten t ly  label stimuli,  they  are  still deficien t in comparison to older indivi­
d u a ls .  Although the naming p rocess  is accu ra te ,  ch i ld ren  simply fail to 
use the  p ro cess ,  hence a product ion r a th e r  than  mediating def ic iency 
r e su l t s .  The  dis tinct ion was made here  (Flavell ,  1970) between p ro d u c ­
tion and mediational defic iencies .  Production def iciencies  re su l t  from an 
individual 's  failure to g en e ra te  a media tor ,  whereas  a failure of the 
genera ted  mediator to work is a mediational deficiency (Flavell ,  Beach,
& C h i n s k y ,  1 9 6 6 ) .
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Grouping and Recoding
Grouping as  def ined by  Chi (1976) s e rv e s  primarily as  an organiza­
tional function by which an individual b re a k s  down a lengthy  list of 
stimuli into smaller more manageable s u b g ro u p s .  Belmont and B u t t e r ­
field (1971) point out tha t  adu l ts  f requen t ly  prac t ice  g ro u p in g  as
opposed to chi ldren who almost n ev e r  implement this par t icu la r  p rocess .
♦
Recoding is a control  p rocess  closely related to g roup ing  tha t  is 
also u n d e r  conscious control of  the individual .  The recoding p rocess
involves an active sea rch  of  con ten ts  in LTM to determine if connect ing
two or more pieces of information in STM will r e su l t  in one recognizable 
c h u n k  of information in LTM. If th is  c h u n k  of information is recog­
nized in LTM it is r e t r i e v e d ,  and  th e  new information is added to it. 
T h u s ,  one ch u n k  holds the  two new pieces of  recoded information tha t  
would have prev iously  r eq u i red  two sep a ra te  slots in STM. Recoding, 
th e re fo re ,  saves  spaces  in STM. The p re req u is i t e  for recoding is the  
ex is tence  of the information in a recognizable chunk  in LTM. Grouping 
is the  formation of  new c h u n k s  of information, and recoding is the addi­
tion of new information to p r e -e x is t in g  chu n k s  in LTM (Chi,  1976).
Process ing Speed
The rapid i ty  with which ap p ro p r ia te  functions  of memory a r e  p e r ­
formed in re fe rence  to a specific ta sk  may be considered speed  of pro­
ces s ing .  Variables such as encoding ,  r eh ea rsa l ,  s e a rc h ,  and re tr ieval  
a f fec t  process ing  speed  and  a r e  p a r t  of the  memory system.  T h e re  is 
subs tan t ia l  evidence th a t  su g g es t s  p rocess ing  speed for the  same infor­
mation load becomes s h o r t e r  as  ch i ld ren  mature (Chi,  1976, 1977;
Gallagher  5 Thomas, 1980; Wickens, 1974). This  change in process ing  
speed has  a d i re c t  effect  on the way indiv iduals  use  information. The
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f a s te r  the p rocess ing  s p e e d ,  th e  more information an individual is able 
to obtain from the  env i ronm en t .  This  explains the inadequacy  of 
5 -y ea r -o ld s ,  as  compared to adu l t s ,  in process ing  large amounts  of 
information within co ns t ra ined  time s p a n s .
Mentally r e t a rd e d  individuals  co r re sp o n d  more closely to normal 
individuals  of the  same mental age (MA) than  those of the same ch rono­
logical age (CA) (Ellis, 1970). T h e re fo re ,  process ing  speed  similarit ies 
be tween 15-year-old  mentally r e t a rd e d  individuals and 5 -year-o ld  normal 
individuals  may be g r e a t e r  than  those between normal individuals  of the 
same CA. Overall  the same matura tional  effects  on p rocess ing  speed  
will be expected  to occur  in mentally r e t a rd e d  individuals—only a t  a 
slower r a t e .
Elliott (1972) mentioned a fai lure of any s tud ies  to find any  equ iva ­
lence between the reaction times of adu l ts  and children as a s t ro n g  
indication of cons is ten t ly  slower central  process ing  speed for  ch i ld ren .
Long Term Memory Knowledge Base
Earlier it  was mentioned th a t  a limited knowledge base could be a 
fac tor  in d i f fe rences  in information p rocess ing  capacity between chi ldren  
of  d i f fe ren t  ages  as  well as  a d u l t s .  Chi (1976) s ta ted  th re e  ways in 
which the knowledge b ases  of y o unge r  ch i ldren  may be limited. F irs t ,  
th e  younger  child would not have recognizable  chunks  of information in 
long-term memory. Hence, when cer ta in  stimuli are  unfamiliar to 
younger  ch i ld ren ,  it is because the  n e ce s sa ry  network for recognit ion 
of tha t  stimulus has no t  been developed in LTM. For example, a 
5-year-o ld  may be unfamiliar  with a movement which produces  a k ines­
thetic  s timulus simply because  the recognit ion network for th a t  move­
ment is a b s e n t .
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The size of the ch u n k  is the second limiting fac tor ;  th e re fo re ,  the  
mere p resence  of a c h u n k  in LTM may not be suff ic ient .  A c h u n k  of 
information in y o u n g e r  ch i ldren  may still no t  contain  all o f  the informa­
tion necessa ry  for the  recogni tion o f  ce r ta in  stimuli simply because  chil­
d r e n  do not g ro u p  information as  efficiently as  ad u l t s .  T h e  recognition 
of a word may involve us ing  two c h u n k s  of information for a child 
whereas  an adu l t  or  an older  child would only need one ch u n k  o f  infor­
mation to recognize  a g iven word.
The th i rd  d i f fe rence  which may accoun t  for a more limited know­
ledge base in ch i ldren  is in the accessibi l i ty  of the  c h u n k .  As mention­
ed ea r l ie r ,  y o u n g e r  ch i ldren  have not developed sophis t ica ted  s t r a t e g ie s  
(control p rocesses )  for p rocess ing  information. Even though  informa­
tion is ch u n k ed  in LTM, th e  information will be inaccessible to the p ro­
cessor  if the  p rocess  n e ce s sa ry  to re t r iev e  it is not  developed and 
canno t  be employed.
T h u s  f a r ,  th i s  p ap e r  has ad d re s s e d  information p rocess ing  as  it 
applies  to normal ind iv iduals .  The  bulk  of  material available in informa­
tion p rocess ing  has  been d i rec ted  toward th e  s tu d y  o f  normal chi ldren  
and a d u l t s .  However, while the  fact remains t h a t  mentally r e t a rd e d  
individuals  a re  capable of skill acqu is i t ion ,  some d isc repanc ies  ex is t  be­
tween them and "normal" individuals  of the same chronological age (CA). 
Skill acquis it ion is possible in mentally r e t a rd e d  individuals;  however,  
information must  be p rocessed  in o r d e r  for learning to o ccu r .
Theories  of Cognit ive Development 
in Mentally Retarded  Individuals
R esea rch e rs  have increased  theoretical  ana lys is  of the re lationship 
between memory and  intelligence d u r in g  the  last 15 y e a r s .  This
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renewed in te re s t  in the functioning of genera l  memory and  the  develop­
ment of  information p rocess ing  ap proaches  has increased  invest igat ion 
within the  area  of re ta rda t ion  s ignif icant ly  d u r in g  the  p a s t  decade  
(Campione 6 Brown,  1977).
Early r e se a r c h  examining d i f fe rences  between re ta rd e d  and  normal 
individuals  a t tempted  to .ex p la in  the  d isc repanc ies  in terms of s t r u c tu ra l  
r a th e r  than control p rocess  d i f f e ren c es .  S t ru c tu ra l  elements were con­
s ide red  to be essent ia l ly  unmodifiable or  th ey  r e f e r r e d  to a reas  of  skill 
development where  t ra in ing would be of no benef i t .  Control p ro ce sse s ,  
a s  mentioned ea r l ie r ,  a r e  developed by the  p ro c e sso r .  They  are  the  
s t r a t e g ie s  used  to p rocess  the information coming into working memory. 
One could say  then tha t  the  major d is t inct ion  between the two factors  
( s t r u c t u r e  and control p rocesses )  lies in the  suscept ib i l i ty  of  each to 
t ra in ing  (Campione & Brown, 1977).
Early th eo r is t s  a t tempted to explain s t ru c tu ra l  d i f ferences  in terms 
of a physiological malfunction in the  cen tra l  n e rvous  sys tem .  In his 
1936 th e o ry ,  Lewin cons idered  the  r e t a rd e d  child to have fewer regions 
in cognit ive s t r u c t u r e  than  a normal child of the  same CA (Zigler ,  
1966).
The  stimulus t race  theory of  Ellis developed initially in 1963 has 
been th e  most closely scru t in ized  of the cogni t ive  s t r u c t u r e  th eo r ie s .  
Ellis adopted  the  concept  of stimulus t race  from Hull, who proposed  it 
in 1952 (Ellis, 1970). Ellis' basic hypo thes is  was th a t  r e t a rd e d  indivi­
duals  had a more rapidly  fading s timulus t race  tha t  resu l ted  in poorer  
performance than  normal individuals  of  the same CA on var ious  ta sks  
involving s h o r t - t e rm  memory. S t ru c tu ra l  d if ference  theories  such  as 
th e se ,  in addi tion to theories  of Hebb, B roadben t ,  and Peterson,  were 
the  beg inn ing  of con temporary  STM re se a rch  (Ellis, 1970).
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More thorough re sea rc h  on information p rocess ing  in the mentally 
r e t a rd ed  revealed the fai lure of  ear ly  theor ies  to c lear ly  demonstra te  
th e  supposed s t ru c tu r a l  d i f fe rences  between re ta rded  and  normal indivi­
d u a l s .  Recently  it has been recognized th a t  the individual 's  s h o r t - te rm  
memory performance can most def in i te ly  be affected by  the  choice of 
s t r a teg ie s  to be used on the information. Brown (1974) s ta ted  tha t  a 
major problem with r e t a rd e d  individuals  is the ir  fai lure to independently  
execu te  ce r ta in  types  of s t r a t e g i e s .  The same s t ra teg ie s  tha t  they  a re  
capable  of execu t ing  easily a f t e r  being in s t ru c ted  to do so .
Control Process  Deficits in Mentally R eta rded  Individuals
This  sect ion will place emphasis on s tud ies  tha t  a r e  based on the  
hypo thes is  th a t  comparat ive d i f fe rences  between re ta rd ed  and  normal
individuals  a re  a t t r ib u tab le  to deficiencies  in control p rocesses  r a th e r  
than  s t ru c tu r a l  d i f fe rences .
Most of the r e sea rch  on control p rocess  def ic i ts  in mentally
r e ta rd e d  individuals  has  focused on th r e e  general  s t r a te g ie s  or  p roces­
ses :  r eh ea rsa l ,  o rganiza t ion ,  and  elaborat ion (Campione & Brown, 1977). 
Of these  t h r e e ,  cons idering length and  per t inence  to the s tu d y ,  only 
rehearsa l  will be ad d res sed  h e r e  in detail .
Ellis (1970) conduc ted  a se r ies  of s tud ies  to invest igate  the  spon­
taneous  u se  of rehearsa l  by  r e t a rd e d  ado lescen ts .  A se r ies  of nine 
num bers  were p re sen ted  in a left to r ig h t  random s eq u en ce ,  followed by 
a p robe  item. The  sub jec ts  were asked to indicate w here  the probe
item o ccu r red  in the  s e r i e s .  The probe consis ted  of the rep resen ta t ion
of one of the items in the  initial s e r ie s .  Compared to college s tu d e n t s ,  
the  r e t a rd e d  adolescents  were inferior in the ir  abi li ty to recall items 
p re se n ted  early  in the se r ie s ,  a defic it  a t t r ib u te d  to the ir  fai lure to
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r e h e a r s e .  Increas ing  th e  spacing between items and allowing more time 
for rehearsa l  were beneficial to college s tu d e n t s  bu t  resu l ted  in no 
d i f fe rence  in performance of the r e ta rd ed  individuals  (Ellis, 1970). The 
r e su l t s  of Ellis' s tu d y  (1970) indicated th a t  r e t a rd ed  individuals  do not  
• r eh e a r s e  even u n d e r  spaced condit ions.
A modification of Ellis' s tu d y  was conducted  by Belmont and 
But terf ie ld  (1971). They  allowed sub jec ts  to regulate  the speed with 
which items were p as sed  th ro u g h  memory. The rationale for this  
app roach  was tha t  the pauses  would form a p a t te rn  indicative of the 
s t r a teg ie s  being employed.  Results  showed the college s tu d e n t s  e s ta b ­
l ishing r eg u la r  p a t t e r n s  of pauses  indicating a cumulative rehearsal  
s t r a t e g y  as  opposed to no pause  p a t te rn  responses  by the r e t a rd ed  
populat ion .  The lack of  a pause  p a t t e rn  development indicates tha t  no 
act ive s t r a t e g y  was being used  by these  individuals .
Additional ev idence  ex is ts  to s u p p o r t  the assumption tha t  r e ta rd ed  
indiv iduals  do not spon taneous ly  r e h e a r s e .  The ta sk  used in a s tu d y  
by Brown e t  al .  (1973) cons is ted  of showing sub jec ts  a ser ies  of four 
p ic tu re s ;  each p ic tu re  was one of four in four d i f fe ren t  ca tegories  for a 
total of  16 c a rd s .  When asked about  the las t  animal card  viewed, the  
r e h e a rs in g  sub jec ts '  per formances  remained high as the number  of items 
in c reased .  The  r e ta rd e d  g roup  of individuals demonstrated a non­
rehearsa l  p a t t e r n  by showing a dec rease  in accu racy  and an increase in 
latency o f  response  as the number of items increased .  T urnbu l l  (1974) 
found tha t  EMR su b jec ts ,  a f t e r  receiving ins truc t ions  to use o v e r t  label­
ing as  a rehearsal  p ro cess ,  continued to engage in the labeling behavior  
and  performed signif icantly  b e t te r  than  the control g r o u p .  Other  
s tu d ie s  ( e . g . ,  But te r f ie ld ,  Wambold, & Belmont, 1973; Jacobs S Foshee,
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1971; Kellas, A shcra f t  & Johnson ,  1973; Ryan,  Chivers  & Redding,  
1969) lend s u p p o r t  to the  notion th a t  rehearsa l  s t r a teg ie s  in STM func­
tion can be facilitated in mentally r e t a rd e d  indiv iduals .
Research  indicates  co n s is ten t ly  tha t  the information process ing  
def iciencies  between n o n re ta rd e d  and  re ta rd e d  individuals  a p p ea r  to be 
a r e su l t  of the total lack o f  u s e .  or  inefficient u se ,  by  the  mentally 
r e ta rd e d  of control p ro c e sse s  or  s t r a t eg ie s  r a t h e r  than  basic neurologi­
cal s t r u c t u r e  d if fe rences .
Summary
Based on the r e sea rch  and  l i te ra tu re  reviewed,  several  conclusions 
may be d raw n .  Information p ro cess in g  d ifferences  ex is t  between young 
children and ad u l t s .  Evidence s u g g e s t s  t h a t  many of these  d ifferences  
may be a t t r ib u ted  to def ic its  in the  use  of control p rocesses  such as 
rehearsa l  and recoding r a th e r  than  s t ru c tu r a l  d ifferences  in memory 
capaci ty .
Research tha t  has  been conduc ted  on the  use  of rehearsal  s t r a t e ­
gies indicates th a t  5 -year-o ld  ch i ld ren  do not spon taneously  r eh ea rse  
b u t  th a t  by age 7 spon taneous  rehearsa l  and  simple g roup ing  is begin­
ning to occur .  F u r th e rm o re ,  by  age  11 these  control  p rocesses  a re  as 
well developed and  effic ient ly  u se d  as  they a r e  in adu l t s .  Because of 
the developmental n a tu re  of th ese  s t r a t e g ie s ,  a s  ch i ldren  mature the  
same amount of information may be processed  in a sh o r t e r  amount of 
time (Chi,  1976; Gal lagher  & Thomas,  1980; Mitchell, 1977; Thomas, 
Mitchell & Solomon, 1979; Thomas, 1980). Th is  improvement in p roces ­
sing efficiency resu l t s  in an increase  in larger  amounts of information 
being acquired  from th e  env ironment  and  ultimately an overall  increase 
in the  individual 's  knowledge b ase .
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Retarded  individuals  c o r re sp o n d  more closely to normal individuals  
of the same mental age r a t h e r  than the  same chronological age .  Addi­
tionally, p rev ious  re sea rch  has shown th a t  moderately r e t a rd e d  p e rso n s  
a re  capable  of  learning rehea rsa l  s t r a t e g i e s .  However, general izat ion of 
these  s t r a teg ie s  from one learn ing  domain to ano ther  may no t  be 
assumed (Keogh 6 Glover,  1980).
A lack of  re sea rch  ex is ts  in the  area of information p rocess ing  in 
SPR individuals .  With the  new Public Law 94-142 insur ing  an a p p ro p r i ­
a te  education for  all hand icapped  individuals  of  school age  (3 yea rs  
th ro u g h  21 y e a r s ) ,  r e s e a rc h e r s  should  begin to a d d re s s  themselves  to 
th is  populat ion.
Rehearsal was chosen  as  a s t r a t e g y  in this s tu d y  because  it is a 
basic control process  or  s t r a t e g y  th a t  normal individuals begin to util ize 
in o rd e r  to p rocess  information. The  use of rehearsal  s t r a t e g ie s  also
c o r re sp o n d s  to the  age of the individual .  F ive-year-o lds  do not 
r e h e a r s e  spontaneously  b u t  will util ize rehearsal  when they  a r e  cued to 
do so. Children a t  age 7 a re  beg inn ing  to spontaneously  reh ea rse ;  
th e re fo re ,  age  7 seems to be a critical age  for development of rehearsal  
s t r a t e g ie s .  By the time a child is 11 yea rs  old, adu l t  rehearsa l  s t r a t e ­
g ies  a re  ut il ized. Given th is  information, one recognizes  tha t  rehearsal  
s t r a teg ie s  a r e  maturational  in n a t u r e .
Mentally r e t a rd e d  individuals  co r re sp o n d  more closely to  normal 
individuals of the same mental age r a t h e r  than  the same chronological 
a g e .  Previous resea rch  with moderately r e t a rd e d  adu l ts  shows tha t  
they  are  capable of  learning rehea rsa l  s t r a t e g i e s .
C hap te r  3 
PROCEDURES
Consider ing  th e  developmental a sp ec t s  of r e h e a rsa l ,  i t  a p p ea r s  tha t  
th e re  are  severa l  ages  a t  which definite  changes  a re  o b s e rv e d .  Five-  
y ear -o ld  ch i ldren  do not g enera l ly  exh ib i t  spontaneous  r e h e a r s a l .  Ini­
tial evidence of spon taneous  rehea rsa l  is a p p a re n t  in 7 -year-o id  indivi­
d u a ls .  By age  11 ch i ld ren  a re  effectively and  spon taneous ly  us ing
rehearsa l  s t r a t e g i e s .  Little change  is a p p a re n t  from 11 to 15 y ea rs  in 
s t r a t e g y  u s a g e .  Likewise, 11- and 15-year-o lds  a re  as efficient in th e i r  
use  of  rehearsa l  as  a d u l t s .  Since 5- ,  7- and 11-years  of  age a p p ea r  to
be critical changing  po in ts  in age d i fferences  for the spontaneous  util i­
zation of  rehearsa l  s t r a t e g i e s ,  those ages  were included in the s tu d y .  
The  15-year-o ld  age  g r o u p  was selected to i l lustrate  cons is tency  o f
es tab lished  rehearsa l  s t r a teg ie s  from age 11 to age 15.
T h e  SPR and Normal individuals  tes ted  in the  s tu d y  were always 
the same ag es ,  ex cep t  for the SPR 5 -y ea r -o ld s .  The  la t te r  age  g r o u p  
of individuals  was d r o p p e d  from th e  s tu d y  as  a r e su l t  of the ir  inabili ty 
to perform the t a s k .  The ins t rumenta t ion  was cons is ten t  t h ro u g h o u t  
the  s tu d y ;  th u s ,  t h e r e  was only one descr ip t ion  of the sub jec ts  and 
ins t rum enta t ion .  Within each data  analysis  section any  a l te rna te  age 
matches  for t h a t  section were d i scu s s e d .  T h re e  d i f f e re n t  sta tis tica l 
ana lyses  were p r e s e n te d ,  each followed by  its own discuss ion an d  hypo­
these s  sect ion.  See Table 2, C hap te r  4 for  overview o f  ana lyses .
Subjec ts
The selected sub jec ts  for this  s tu d y  were chosen from schools 
whose officials were willing to g r a n t  access .  The  c r i te r ia  for choice of 
sub jec ts  is expla ined n e x t .
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A total population of 140 5- ,  7 - ,  11- and 15-year-o ld  SPR and
Normal males was randomly se lec ted  for the s tu d y .  The Normal g ro u p
consis ted  of 80 males,  20 each a t  5 - ,  7 - ,  11-,  and  15-years  of age;
those individuals were enrol led  in Wedgewood Elementary (East Baton 
Rouge Par ish ) ,  S t .  Jo h n 's  Elementary and  St .  John 's  High School ( Ib e r ­
ville P a r ish ) ,  and Bunkie High School (Avoyelles) .  The SPR g roup  
consis ted of 60 males, 20 each a t  7 - ,  11-,  and  15 -yea rs .  T he  SPR
population was se lected accord ing  to the  following c r i te r ia :  ambulatory ,
non-verba l ,  and  classified on school reco rds  as  s ev e re ly /p ro fo u n d ly  
r e t a rd e d .  SPR individuals  with multiple handicaps  such a s  visual 
impairments,  hear ing  impairments ,  o r  u p p e r  limb involvements  inhibiting 
arm mobility were not se lec ted  for the  s tu d y .  Additionally,  SPR indivi­
duals  on high doses  of an t ico n v u lsan t  d r u g s  were not selected because  
of possible impairment o f  reaction and movement t imes. The sources  of 
the  SPR population were  S t .  Mary's School,  Alexandria ,  Louisiana; 
Special Chi ldren 's  Villa and  Montgomery Cen te r ,  Baton Rouge, Louisiana; 
Benjamin Banneker  Elementary School,  Magnolia School (all in New 
Orleans) ,  and Percy Julian Elementary (Marrero) .  Rapides,  Avoyelles,  
J e f fe rson ,  East  Baton Rouge, an d  Iberville Par ishes  were rep re se n ted  in 
the population. The age ran g es  for each of the  four age g ro u p s  were 
as  follows: 4.5 y ea r s  -  5.5 y e a r s ,  6.5 y ea rs  -  7.5 y e a r s ,  10.5 -  11.5
y ea r s ,  and 14.5 -  15.5 y e a r s .
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The  mean age (x) and s ta n d a rd  deviation (SD) for each g ro u p
were repo r ted  in Table 1 . The sub jec t  d is t r ibu t ion into E and C
g ro u p s  for each age level was done  randomly as  follows:
SPR
7 11 15
E C E C E C
10 10 10 10 10 10
Normal
5 7 11 15
E C E C E C E C
To TO 10 10 To 10 10 10
Table  1
Descr ip t ive  Sta t is t ics  for Subjects
Croup x Age (Years) SD (Months)
Normal 9.57 45.24
SPR 11.19 40.32
5-year-o lds 5.25 4.68
7-y ea r -o ld s 7.21 4.20
11-year-o lds 10.91 5.16
15-year-o lds 15.18 3.60
5-year-o ld  Normal C 5.33 2.52
5-year-o ld  Normal E 5.16 6.12
7-year-o ld  Normal C 7.22 3.84
7-year-o ld  Normal E 7.19 3.48
7-year-o ld  SPR C 7.15 5.04
7-year-o ld  SPR E 7.26 • 5.04
11-year-old  Normal C 10.68 4.08
11-y ea r -o ld  Normal E 10.92 4.68
11-year-old SPR C 10.98 6.00
11-y ea r -o ld  SPR E 11.06 5.28
15-year-old  Normal C 15.14 3.48
15-year-old Normal E 14.93 3.60
15-year-old  SPR C 15.30 1.92
15-year-old SPR E 15.27 3.00
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All o f  the individuals selected completed all aspec ts  of the s tu d y .  
Permission for the s tu d y  and access  to s tu d e n t s  was obtained from the  
LSU Committee on Use of Humans and Animals as Research  Subjects ,  th e  
a p p ro p r i a t e  Director of  Research for each p a r i sh ,  school p r inc ipa ls ,  
Human Rights  and Ethics Committees a t  the  schools for SPR individuals,  
and  p a r e n t s .  Samples of th e  le t ters  an d  permission slips may be found 
in Appendix E.
Ins trumenta t ion
The SPR individuals  comprised a un ique  population with special 
needs  th a t  requ ired  adap ta t ions  in exis t ing equipment to make it func­
tional for them. Existing equipment could not be adapted because of 
s imultaneous  u se s  in c u r r e n t  r e search  being conducted  by o th e r  s tu ­
d e n ts  an d  p ro fe s so r s .  T h e re fo re ,  a special piece of equipment was 
des igned  for  this  s tu d y  (See Plates 1, 2, and  3).
The tes t ing  equipment  cons is ted  of a se t  of 10 amber l ights 
mounted on a wooden box with the following dimensions: 110.49 cm
long, 33.02 cm h igh ,  and  with the  f ront  sloping at a 60° angle .  The 
amber  l igh ts  were mounted horizontally  6.99 cm a p a r t  at  the bottom of  
the s loping f ron t ,  a red  p robe  light was located at the cen te r  10.16 cm 
above the amber l igh ts .  A fla t  keyboard  12.7 cm wide and 110.49 cm 
long was a t tached  a t  a r ig h t  angle  d i rec t ly  u n d e r  the horizontal row of 
amber l igh ts ,  with one 5.08 cm response  key corresponding  to each 
amber l igh t .  The re sp o n se  keys  were f iberglass  and were located hor i­
zontally 5.08 cm a p a r t .  A s q u a re  piece of ca rpe t ing  enclosing p r e s s u r e  
sensi t ive  switches was positioned in f ront  of the keyboard and appea red  
to be a hand r e s t .  Th is  switch measured  a reaction time for each trial .
U  full  front  view  of i n s t r u m e n t
















PLATE 3. CLOSE-UP VIEW OF INSTRUMENT CONTROL PfiNEL
The back of  the  box was s t r a ig h t  up  and down. A 42.55 cm x 21.59 
cm control panel was c e n te r e d  in the  b ack .  The control panel conta ined 
control switches  for l igh t  d u ra t ion  (a t  .5 sec increments  from .5 -  2.5 
s e c o n d s ) ,  l ight in te rva l (1 -  2.5 sec a t  .5 sec  in c rem en ts ) ,  and  buzze r  
location contro ls .  T h r e e  digital  clocks measured  reaction time (R T ) ,  
r e sponse  time (Rpt  -  MRT + DT),  movement time one (MT^), and. move­
ment time two (MT^); RT was then  ave raged  to yield a mean reaction 
time (MRT) for each indiv idual .  The task  was d es igned  so tha t  the  10 
l ights  came on and went  off  in s equence  from left to r ig h t .  An audi­
to ry  stimulus (buzzer)  was randomly pa i red  with 2 of the  10 lights (one 
b u z z e r  act ivated with 1 l igh t  from g roup  1-5, an d  a n o th e r  b u zze r  with 
1 light from g ro u p  5 -10) .  To avoid excess ive  cues  the  f i r s t  and last 
l igh ts  (numbers  1 and  10) were n ever  pa i red  with the b u z z e r .  Also 
l ights  5 and 6 were not pa i red  with the  buzzer  a t  the  same time. After  
th e  l ights  came on sequent ia l ly  left to r ig h t ,  a 1.5 sec  interval  passed  
before the p robe  light was p r e s e n te d .  The sub jec t ' s  task  was to p r e s s ,  
in co r re c t  o r d e r ,  the  r e sponse  keys  u n d e r  the l igh ts  tha t  were pa ired 
with the  buzzer  d u r in g  the  sequence  p rep a ra t io n .  A co r re c t  r e sponse  
was indicated by  the  l igh t  and b u zze r  being ac t iva ted  when the co r rec t  
key was p u s h e d .  Incorrec t  responses  provided  no feedback .  During 
the  t ra in ing  p ro ce d u re s  the l igh t  interval was held cons tan t  a t  1.5 sec ,  
and  the  dura t ion  interval was held co n s tan t  a t  1 sec .  During the  15 
tes t ing  t r ia ls  the  l igh t  interval was held cons ta n t  a t  1 s ec .  The  light 
d u ra t ion  d u r in g  the te s t in g  t r ia ls  was held co n s ta n t  a t  .5 sec  (see Pilot 
S tudy  Appendix F for  ra t iona le ) .
An example of a l igh t  sequence  would be as follows. Clock #1 
began  when the  p robe  l ight  was p re sen ted  and  s topped  when the home
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key was re leased .  Th is  recorded  RpT. T he  average  reaction time for 
each individual was de termined by  tak in g  20 RT sco re s ,  d i sca rd ing  the  
f i r s t  5 and last  5 to eliminate lack o f  familiarity and  fa t igue  ef fec ts  and 
av e rag in g  the remaining 10 to yield MRT. Decision time was the amount  
of  time th a t  e lapses  from th e  p re sen ta t io n  of the p robe  l igh t  to the 
re lease of the  home key ,  minus t h e  mean reaction time. Clock #2 
s ta r t e d  when the  home key was re leased and  s topped  when the  response  
key c o r re sp o n d in g  to the f i r s t  au d i to ry  s timulus  was to u ch ed ,  th u s  h av ­
ing recorded  movement time one.  Clock #3 was ac t ivated  b y  th e  touch­
ing of the r e sponse  key c o r re sp o n d in g  to the  f i r s t  aud i to ry  s timulus 
and  s topped  when the re sponse  key c o r re sp o n d in g  to the second audi­
to ry  stimulus was touched .  This  clock reco rded  movement time two, the  
amount of time elaps ing between touching the  response  keys  of the f i r s t  
and  second aud i to ry  stimuli.
An important a sp ec t  in the  record ing  of movement time was the 
amount of  e r ro r  involved.  E r ro rs  were reco rd ed  b y  the exper im en ter  
for each individual an d  coded 1 o r  2 to indicate w here  in the  p ro ce d u re  
they  o c c u r re d .  A 1 indicated e r r o r  associa ted  with the  f i r s t  aud i to ry  
st imulus r e sponse  key an d  a 2 indicated  e r r o r  associated  with the 
second aud i to ry  stimulus r e sp o n se  key .  Considering e r ro r s  in conjunc­
tion with movement time yielded a more accu ra te  in te rp re ta t ion  for move­
ment time.
General P ro ced u res
Each individual was e sco r ted  by the  exper im ente r  to a q u ie t ,  iso­
lated te s t ing  a rea  within each school.  Upon en te r ing  th e  tes t ing  room, 
each individual was sea ted  in a s t r a ig h t -b a c k e d  chair  a t  a table  d irect ly  
in f ro n t  of the equipment  and ac ro ss  from the  exper im en te r .  Chair/
table he igh t  re la t ionships  were  held cons tan t  for all ind iv iduals .  With 
the  sub jec t  facing the equ ipm ent ,  familiarization with the t e s t in g  s i tua ­
tion and equipment p roceeded .  After  the individual became acquain ted  
with the exper im enter  and  the  te s t ing  s itua t ion ,  the  in s t ruc t ions  explain­
ing th e  task  were g iven  (See Appendix A). T h e  tes t ing  s i tua t ion  con­
s is ted  of  15 t r ia l s ,  each trial measured response  time, decision time, 
movement time (MT1 and  MT2) ,  total response  time and e r r o r .  The 
total p resen ta t ion  time for  1 trial was 15.5 seconds .  The  15 t r ia ls  were 
followed by  20 reaction t r ia ls  so th a t  an average  reaction time could be 
determined for each individual .  Following the  in s t ru c t io n s ,  5 prac t ice  
sess ions  were b e g u n .  T e s t in g  commenced immediately a f t e r  the  pract ice  
sess ions  were finished and any  ques tions  of  demonstra t ion o r  m isunder­
s tan d in g s  were resolved .
During the  te s t in g ,  t h e  l igh ts  were p re sen ted  a t  a 1-second in te r ­
val for a .5-second dura t ion  in a le f t - to - r ig h t  consecut ive  o r d e r .  An 
aud i to ry  stimulus was randomly paired with 2 l igh ts  in the se r ie s .  The 
aud i to ry  pair ing was random b u t  des igned to eliminate positional cues  
t h a t  could simplify ident i f ica t ion.  To avoid s ide  by  s ide aud i to ry  pa i r ­
ings ,  the  10 lights were divided into 2 sect ions of  5 for the random 
audi to ry  ass ignm en ts .  L ights  1 and  10 were excluded to avoid primacy 
and recency  e f fec ts .  The combination of l ights  4 and  5 was avoided 
because  they  cons t i tu ted  a s id e -b y - s id e  pa i r ing .  During th e  5 p rac t ice  
sess ions  immediately before  the  tes t ing  began ,  the  lights  were p re ­
sen ted  a t  1-second  in te rva ls  for a .5-second du ra t ion  in a l e f t - t o - r ig h t  
consecut ive  o r d e r .  Each sub jec t  was presen ted  5 se r ie s  with the  audi­
tory  stimulus paired randomly with 2 lights in each ser ies ;  th is  was
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done to a s s u r e  tha t  the requ ired  t a sk  was u n d e r s to o d  b y  each  indivi­
dua l .
Experimental Group 1R T r a in in g .
The  E g ro u p  indiv iduals  received demonstra ted  an d  a s s i s ted  t r a in ­
ing sess ions  in the use o f  rehearsal  s t r a t e g ie s .  T h e  modeled t ra in ing  
sess ions  were des igned  to induce r eh ea rsa l .  Ra ther  than  all 10 l ights  
coming on and off sequent ia l ly  followed by the  p robe  l ight ,  the  p robe  
l ight  was p re sen ted  a f t e r  s e t s  of 2 l ights;  i . e . ,  l ights  1 and  2, l ights  3 
and  4, 5 and 6, 7 and 8. Each light was p re se n ted  a t  a 2-second in te r ­
val for  a du ra t ion  of 1 second .  The E g roup  individuals  were requ i red  
to respond  a f te r  each pa ir  of  l ights and  indicate w hether  e i the r  of the  
l igh ts  had been  paired  with an audi tory  s t imulus .  Indiv iduals  were 
p ropped  (physical ly  a s s i s ted )  th rough  a c o r rec t  r e sponse  if n e c e s sa ry .  
Once an individual performed the  induced rehearsal  (IR) t r ia ls  co r rec t ly  
without a s s i s tan c e  3 out  of 5 times, then  the  p robe  l ight  was only p re ­
sen te d  a f te r  every  4 l igh ts  (only 1 of  which was paired  with the audi­
to ry  s t im u lus ) .  During th is  aspec t  of IR t r a in in g ,  individuals  were 
g iven  small, flat red  d iscs  approximately th e  size of a dime and were 
in s t ru c te d  to place the d iscs  u n d e r  each light t h a t  was pa i red  with an 
a u d i to ry  s timulus.  T h is  activity induced an o v e r t  rehearsa l  phase  of 
t ra in ing  for each indiv idual .  The d iscs  were picked up  b y  the ex p e r i ­
menter  p r io r  to. the p resen ta t ion  of the probe  l ight  on each tr ia l .  The 
E g ro u p  t ra in ing  sess ions  were comprised of  10 t r ia ls  a d ay  unti l  a 
su ccess  c r i te r ion  of c o r r e c t  performance on 8 ou t  of 10 t r ia ls  on 3 con­
secut ive  d a y s  was ach ieved .  Criterion t ra in ing  was n e cessa ry  because  
of the cognit ive var iab i l i ty  o f  the chosen populat ion.
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All individuals  were g iven  20 react ion time t r ia ls .  During th i s  p ro­
ce d u re  the  sub jec ts  were in s t ru c ted  to focus the i r  a t ten t ion  on the red 
p robe  l ight ;  an d ,  when it  came on,  th e y  were to lift  th e i r  hand to 
re lease  the  home key— t h u s  g iving a react ion time measured b y  clock 
#1. The  f i r s t  5 and  last 5 t r ia l s  of reaction time were d isca rd ed  to 
eliminate lack of familiarity and  fat igue e f fec ts .  The remaining 10 t r ia ls  
were averaged  to es tab l ish  a mean reaction time (MRT) for each sub jec t .
Following the  20 reaction time t r ia l s ,  sub jec ts  were then given 15 
t r ia ls  (5 blocks of 3 t r ia ls  each ) ,  which measured response  time (R p t ) ,  
decision time (DT),  movement time one (MT^), movement time two (MT^), 
total r e sponse  time (T R T ) ,  e r r o r  one ( E ^ ,  and  e r r o r  two (E2) (see 
Appendix  A for example of the  data  collection form).  Decision time for 
each subjec t  was de termined  by  su b t r a c t in g  th e  mean reaction time 
(MRT) from the response  time (RpT) for each t r i a l .  In the ev en t  t h a t  
a negat ive  number r e su l ted ,  t h e  MRT was s u b t r ac ted  from i tse l f  se t t ing  
DT a t  zero for tha t  trial  or  a n y  o the r  trial  with a negat ive  d i f fe rence .  
By def init ion,  re sp o n se  time (Rpt)  r e p re s e n t s  reaction time and decision 
time to g e th e r ;  t h u s ,  th is  combination often increases  MRT by 200-400 
msec.
Since reaction time was measured  by having each individual re lease  
the home key as qu ick ly  as  possible  following the  presen ta t ion  of the  
p robe  light ,  t h e r e  was no possible  need for  s t r a t e g y  involvement.  
However,  in each of  th e  15 t r ia ls  the  p robe  l ight  was the signal to 
begin p ush ing  r esponse  keys  in o rd e r  to indicate which l ights  had been 
pa i red  with an aud i to ry  s timulus .  This  increased ta sk  requ irem ent  
would necessi ta te  the  use of a s t r a t e g y  to plan the  requ irem ent  move­
ments for c o r re c t  r e sp o n se s .  Therefo re  it was felt tha t  an approximate
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estimate of th is  decis ion time could be obtained by  su b tr a c t in g  th e  MRT 
from the RpT for each t r ia l .  MT1 was the amount of time measured  
from the  release  of the home key to the p ush ing  of the re sponse  key 
co r respond ing  to the  f i r s t  l ight pa i red  with the aud i to ry  s t imulus .  MT2 
was the amount of time m easured  from th e  push ing  of the re sponse  key 
co r respond ing  to the  f i r s t  aud i to ry  stimulus to the  push ing  of the  
r e sponse  key co r re sp o n d in g  to the second light paired with the aud i to ry  
s t imulus .  Total re sp o n se  time (TRT) was the sum of RpT,  MT^, and  
MT2> E r ro r  was m easured  in two p a r t s :  E1 co r re sp o n d ed  to the f i r s t
5 lights  (left  to r igh t )  and  E2 to the  second se t  of  5 l igh ts .  E1 and  E2 
were simply th e  number  of incor rec t  r e sponse  keys  pushed p r io r  to the 
pushing  of the co r re c t  r e sp o n se  key .
An example of a trial would be as follows. After  the individual 
was in position in f ront  of the equipment  with his hand r e s t in g  on the  
hand r e s t  (home k e y ) ,  t h e  l igh t  ser ies  was ac t iva ted .  The  10 l ights  
then  came on and  went  off sequent ia lly  from left to r ig h t .  Light  d u r a ­
tion was held cons tan t  a t  .5 s ec ,  and  th e r e  was a 1 sec interval (held 
cons tan t )  between each l ight .  After  the number  10 l ight went off 
approximate ly  1.5 sec  elapsed before  the p robe  l ight  came on. Two of 
th e  l ights  in the  se r ie s  were randomly paired  with the  b u zz e r .  Once 
the  probe  l ight  was o b s e rv e d ,  t h e  individual re leased th e  home key and 
ac t ivated  in o r d e r  (left  to r igh t )  the re sp o n se  keys t h a t  co r re sp o n d ed  
to the l ights  which had been  pa i red  with the b u zz e r .  All of  the times 
and e r r o r s ,  if any ,  were then reco rded  by the exper im en te r .
Design
The basic des ign  used  for this  s tu d y  was a completely randomized 
4 x 2 x 2 x 5 factoria l ,  with repea ted  measures  on the  las t  fac tor .
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Age, g ro u p ,  t re a tm en t ,  a n d  block were the independent  va r iab les ,  with 
response  time (R p T ) ,  decision time (D T) ,  movement time one (MT^), 
movement time two (MT2) ,  and  total r e sp o n se  time (TRT) as  d e p e n d e n t  
va r iab les .
Data Analysis
The descr ibed  des ign  was analyzed  b y  us ing  4 x 2 x 2 x 5 multi­
va r ia te  analysis  of var iance  (MANOVA). Two MANOVA's were uti l ized, 
one containing d e p e n d e n t  var iab les  RpT, MT^, and MT2 and a second 
conta ining d ep en d en t  var iab les  and  E^.  A 4 x 2 x 2 5  ana lys is  of
var iance  (ANOVA) was u sed  to compute the  effects  of the  decision time 
(D T) ,  a d e p e n d e n t  var iab le  within response  time (R p T ) .  A
4 x 2 x 2 x 5  ANOVA was also used  to compute the effects  of TRT
because  the p re sen ce  of TRT in the  model caused  mult icol lineari ty . 
TRT is a composite of the o th e r  d e p e n d e n t  var iables  in th e  model. 
When TRT is placed in the  same model a s  the o the r  d ep e n d en t  va r iab les ,
the  matrix  is made s ingu la r  and th u s  the  MANOVA impossible to calcu­
late (Thomas, 1977). All s ign i f ican t  ( .05 level) main effects  and in te r ­
actions  for MANOVA's were followed with a un ivar ia te  analys is  of  v a r i ­
ance (ANOVA) and a multiple range  t e s t  such as Newman-Keuls.
Homogeneity of  var iance  is assumed in Analysis of Variance 
(ANOVA) and Multiple Analysis  of  Variance (MANOVA) statistical p roce­
d u r e s .  The fact tha t  performance ac ross  ages  o r  between d i f fe ren t  
ty p e s  of individuals  such as SPR and Normal var ies  enough to violate 
the homogeneity o f  var iance  assumption is recognized .  In o rd e r  to 
accoun t  for the violation of th is  assumption ,  Hartley F-Maximum T es t  
for Homogeniety of Var iances (Winer, 1971, p p .  206) was conduc ted  
between var iances  of all s ign if ican t  e f fec ts  and in te rac t ions .  The te s t
involved obtain ing an F-max ra t io  by placing the  l a rg e s t  va r iance  over  
the smallest and d iv id ing .  The resu l t ing  F-max value was then  looked 
up  on a table of F-max va lues  (Winer, 1971) according to the ap p ro p r i ­
a te  number  o f  d e g re e s  of  freedom and number  o f  va r iances  being con­
s id e re d .  Where violation of the  homogeniety o f  va r iance  assumption was 
found,  as  indicated by the  F-max t e s t ,  one of two a l te rn a t iv e s  was 
followed. A large F rat io  was cons ide red  as  indicative of t ru ly  reliable 
effect and  a normal follow-up multiple range  t e s t ,  Newman-Keuls,  was 
performed;  i . e . ,  ANOVA is s ta t is tically  r o b u s t ;  an d ,  g iven a la rge  F 
ra t io ,  homogeneity o f  va r iance  problems will be over looked.  A small F 
rat io  occur r ing  with s ignif icant  re su l t s  of  main effects  o r  in teract ions  
was d iscussed  in lieu of th e  f ind ings ,  p lo t ted ,  and  th e  means were
r e p o r t e d ,  b u t  follow-up Newman-Keuls were not performed.
2
An omega s q u a re d  (Cl) ) value for each effect is p rov ided  in all
ANOVA tables .  Th is  va lue  may be in te rp re te d  as  a p e rc en ta g e  which
indicates  how much va r iance  of  each  d e p e n d e n t  variable  is accounted  for
by  each effect  and in te rac t io n .  Omega sq u a red  examines the sources  of
var ia t ion in terms of th e i r  var ious  components  and  th u s  quant i f ies  the
2
s t r e n g t h  of sta tis tica l associa t ion .  The  la rg e r  the ( j  va lue ,  t h e
g r e a t e r  the similarit ies o f  c r i te r ion  scores  of a p a r t ic u la r  level of an
ind ep en d en t  var iab le  re la t ive to obse rva t ions  a t  d i f f e r e n t  levels.  
2
T h e re fo re ,  is a measure  of the homogenei ty of o bse rva t ions  within
c lasses ,  re la t ive  to between c lasses  (Tolson, 1980). Additionally,
F-max te s t s  for the  homogeneity o f  var iance assumption (Winer,  1971)
2
and  q j  t e s t s  (Tolson, 1980), which indicated th e  amount  of va r iance  
accounted  for  b y  each e f fec t ,  were computed;  the r e su l t s  may be found 
in the  ap p ro p r ia te  Appendix for  each da ta  analysis  sect ion.
C h a p t e r  4
RESULTS AND DISCUSSION OF THE STUDY 
UTILIZING ONLY DATA FROM THE NORMAL CROUP
T h re e  sep a ra te  ana lyses  were conducted  on the  da ta  and a re  
p re se n ted  in s e p a ra te  c h a p t e r s .  Necessary modifications of the des ign  
a re  desc r ibed  a t  the  beg inn ing  of the ap p ro p r ia te  c h a p te r .  Table 2 
i l lus tra tes  the th ree  s e p a ra te  analyses  and  the  s ignif icant  r e su l t s  of 
each one.
Prior  to the determination  of s ignif icant  SPR-Normal information 
processing'  d i f f e ren ces ,  an invest igat ion o f  developmental information 
process ing  in normal individuals  across  ages  seems a p p r o p r ia te .  The  
es tab l ishment  of p rev ious ly  ver i f ied  age d i fferences  in normal chi ldren 
is essential p r io r  to compar ing SPRs to the normals.  Th is  c h a p te r  
concerns  only the  data  from the Normal g r o u p .
Only s ign if ican t  f indings  will be p r e sen te d  in each sect ion.  Com­
plete s ta t is t ica l  tab les ,  means ,  s ta n d a rd  dev ia t ions ,  and Newman-Keuls 
t e s t s  may be found in Appendix  B. The  original des ign of the s tudy  
was a g r o u p  x age  x t r e a tm e n t  x block completely randomized des ign  
with repea ted  measures  on the  la s t  factor .  However, in o rd e r  to es tab ­
lish validi ty for comparison of the  d e p e n d e n t  var iables  measured in the 
s tu d y  between SPR and Normals, th e  following change in design was 
made in this  sect ion— the SPR g roup  was left o u t ,  re su l t ing  in an age  x 
t re a tm e n t  x block ( 4 x 2 x 5 )  completely randomized des ign ,  with 
repeated  measures  on the  last f ac to r .  RpT, MT^, and MT2 were d e p e n ­
d e n t  var iab les  in a MANOVA with E1 and  E2 d ep en d en t  var iab les  in a 
second MANOVA. DT, T R T ,  and MRT were analyzed us ing  s e p a ra te  
ANOVA's.
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T a b le  2
Data Analysis Interaction Schema
2x3x2x5 Design Without 5-Year-Olds
Ax2xS Design Hlth Only
2x3x2x5 Design Matching 
7-, 11-, and 15-Year-Old SPR to
M M M M H M
A A A A A A
H Follow-up N Follow- up N Follow-up N Follow- up N Follow-up N Follow-up
0 Anova 0 Anova ANOVA 0 Anova .0 Anova ANOVA 0 Anova 0 Anova ANOVA
V V V V V V
Source A Rpt MTj MT2 A E1 E2 DT TRT MRT A Rpt KT1 MT2 A E1 E2 DT TRT MRT A Rpt MTl HT2 A Ei E2 DT TRT
Group * A A A A * A A A A A A A A A A A A
Age * A A A A A A A * * * * A A A A A A A A A A A A
G*A * A A A A A A A A A A A A
TRTMT * A A A A A A A A * * * * A A A A A A A A A A A A
G*T * A A A A A
A*T A * * * A A A A A
G*A*T
Error a
Block A * * * A A A A
G*B










The F-max t e s t  (Winer,  1971) for the homogeneity of  va r iances  
hypo thes is  was performed as  mentioned p rev ious ly .  The hypothes is  for 
th e  homogeneity of  va r ian ce  was f requen t ly  re jec ted ,  b u t  th is  is not  
uncommon in e i the r  c ro ss  age or  r e t a rd ed  v e r s u s  normals d e s ig n s .  If 
th e  £  ratio is la rge ,  th e  violation of the homogeneity o f  va r ian ce  assump­
tion is not such a major problem since ANOVA is r o b u s t  (Winer, 1971). 
The rejection of the F-max will not be mentioned unless  the £  ra tio  is 
small with many d e g re e s  of freedom. Complete F-max tab les  may be 
found in the  ap p rop r ia te  appendix  for  each analys is .
Resul ts
Age D if fe rences .
The  main effect for age was s ignif icant  (p If .05) on both 
MANOVA's, £ (9 ,170)  = 12.86, £ (6 ,1 4 2 )  = 18.34. Followup ANOVA's for 
all of  the d ep e n d en t  va r iab le s ,  Rpt ,  MT^, MT2 , and  were signi­
f icant ,  £ (3 ,288)  = 39.87, 24.89, 24.26, 39.96, 31.34,  as  were DT and 
TRT sep a ra te  ANOVA's, £ (3 ,288)  = 21 .45, 33.62. A s ignif icant  age 
main effec t  was essential  to the  validity  of the  s tu d y  since th e  l i tera­
t u r e  is rep le te  with evidence tha t  older  ch i ld ren 's  motor perfo rm ance  is 
more efficient than  younger  ch i ld ren  (see F igures  1, 2, 3, and 4) .  As 
evidenced by the  g r a p h s ,  performance increases  and  e r r o r s  d ec re a se  as 
ch i ldren  ge t  o lde r .
The ANOVA for  MRT was s ignif icant ,  £ (3 ,7 6 )  = 51 .60.  Th is  was 
an essential  var iable  of the age main ef fect  to examine, s ince  prev ious  
re se a rch  has es tabl ished fairly reliable ranges  of reaction times for 
normal individuals a t  d i f fe ren t  ag es .  The response  times (RpT) p re ­
sen ted  he re  (see Table C -1 ) cor re la ted  closely with previously  e s ta b ­
lished ranges  of  reaction times (Thomas, Gallagher,  & P urv is ,  in p r e s s ) .
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FIGURE 1. PERFORMANCE OF THE FOUR NORMAL AGE
































Oru n  N  ICt C m u U r Kl«H OrcftlM  N ataa
45
FIGURE 2. PERFORMANCE OF THE FOUR NORMAL AGE
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Examination of Figure 1A indicates  th a t  the 5 -year-o ld  individuals  
requ ired  more time to reac t  to th e  p r e se n te d  s timulus (p robe  light) than 
the  7 - ,  11-,  o r  15-yea r-o lds .  Follow-up Newman-Keuls t e s t s  identified 
s ignif icant  d ifferences  ex is t in g  between each age  g r o u p .  A definite 
l inear decrease  across  ages  was e x p e c te d ,  an d  t h a t  was exact ly  what 
was ob ta ined .
Trea tm en t  Differences
The  t rea tment  main effect in the  MANOVA was s ignif icant ,  £ (3 ,7 0 )  
= 2.89. Followup ANOVA's for each of the  d e p e n d e n t  va r iab les ,  RpT,  
MTi MT2 , were also s ignif icant ,  £(1 ,288) = 4 .32 ,  5.35, 6 .95.  A second 
MANOVA on E.̂  and was also s ign if ican t  for the t re a tm e n t  main 
effect ,  £ (2 ,71 )  = 6.06. The  followup ANOVA's were also s ignif icant  for 
the two var iables  E1 and E2, £ (1 ,2 8 8 )  = 10.14,  8 .26.  The independen t  
ANOVA for TRT was s ignif icant ,  £(1 ,288) = 8.01,  b u t  DT only
approached  s ignif icance, £ (1 ,2 8 8 )  = .0715, p = .07.  Examination of the  
means for each of the d e p e n d e n t  va r iab les  (See Appendix 8) revealed 
tha t  the experimental g ro u p  exhibi ted  cons is ten t ly  super io r  performance 
(lower times) with fewer e r r o r s  than the  control g ro u p .  Figures  5, 6, 
7 and 8 clearly il lustrate these  r e s u l t s .
Age x Trea tm en t  Effects
Age x T rea tm en t  in teract ion from th e  MANOVA resu l t s  were signifi­
can t ,  £ (9 ,170)  = 2.65,  and  £ (6 ,1 4 2 )  = 2.62.  Followup ANOVA's were 
s ignif icant  for RpT,  MT, and  E^, £ (3 ,288)  = 6 .84 ,  3.81 , 5 .40. DT and 
TRT independen t  ANOVA's were also s ign if ican t ,  £ (3 ,2 8 8 )  = 6.58,  4.03.  
In te rp re t ing  age and t re a tm e n t  to g e th e r  indicated t h a t  t rea tment  only 
made a s ignif icant  d i fference in performance for the  f ive-year-o ld  E 
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FIGURE 7. NORMAL E AND C GROUP PERFORMANCE
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FIGURE 11. NORMAL E ANO C GROUP PERFORMANCE











0 .120  







x  5750 





















Drown bu ICS Sw«t«B
56
d if fe rences ,  identified b y  a Newman-Keuls multiple range  te s t ,  ex is ted  
not only between 5-year-o ld  E and C g roup  performance in Rpt ,  , 
DT, TR T,  and , b u t  between the  5- and 7 -year-o ld  C g roup  p e r fo r ­
mances on the same var iab les  a s  well (see F igures  9, 10A, and  11).  
Additionally, a s ignif icant  d i f fe rence  was identified between 7-  and 
11-year-old  control g ro u p s  in T R T .  The 5- to 7 -year-o ld  difference  
indicated t h a t  the 7 -y ea r -o ld s  were beginning  to utilize rehearsal s t r a t e ­
gies spon taneous ly ,  t h u s  moving the  performance of the C g ro u p  closer  
to tha t  of the E Group.  As noted ea r l ie r ,  E g ro u p s  received special 
ins t ruc t ion  for the util ization of  rehea rsa l  s t r a t e g ie s .  Newman-Keuls 
multiple range  te s t s  also identified a s ignif icant  d i f fe rence  in TRT 
between 7- and  11-year-old control g ro u p s  (see Figure  11 B) .  Although 
7 -yea r-o lds  were beginning  to util ize rehearsal  s t r a t e g ie s  spontaneously ,  
they  still were not as efficient as the  11-year-old g ro u p ;  hence ,  the  
closer  performance of the  7 -year -o ld  E and C g ro u p s  and the  7-  and 
11-y ea r -o ld  E g roups  bu t  the s ign if ican t  d i f ference  between 7- and 
11-year-old  C g ro u p s .  Only s l igh t  d i f fe rences  were ev iden t  in the  
performances  of E and C g ro u p s  for the  11- and  15-year-old g ro u p s  on 
all var iables  RpT,  MT1 , DT, TR T,  E^) (see F igures  9, 10A and  11),  
lending f u r th e r  c redence  to the hypo thes is  th a t  rehearsa l  s t r a teg ie s  a re  
effic iently util ized spon taneous ly  by 11-and 15-year-o ld  individuals .  
Block Effects
The  block main ef fect for the MANOVA was s ignif icant ,  £(12,756)  = 
8.01.  Followup ANOVA's were only s ignif icant  for d e p e n d e n t  var iab les  
RpT,  MT^, and  MT2 , £ (4 ,288)  = 1 3.42,  3.38, 9.61.  In d ependen t
ANOVA's were s ignif icant  for both DT and TR T,  £ (4 ,288)  = 13.42, 
13.37. The block main effect reflected improvement  across  blocks of 
t ria ls  with prac t ice  (see F igures  12, 13B and 14).
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FIGURE 13. DIFFERENCES IN THE PERFORMANCE OF THE NORMAL
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Age x Block
T he  MANOVA for the Age x Block in te rac t ion  was s ign if ican t ,  
£ (3 6 ,8 4 5 )  = 1.64.  Only the  followup ANOVA for RpT was s ign if ic ian t ,  
£ (12 ,288)  = 2.61 . Because the  F rat io  was small and th e  d f  l a rg e ,  t h e  
F-max was s ignif icant  (see Appendix  B) ;  no follow-up t e s t s  were p e r ­
formed on the  da ta  from F igure  15. However ,  a visual in te rp re ta t io n  
s u g g e s t s  t h a t  th e  y o u n g e s t ' g r o u p  ( 5 -y ea r -o ld s )  improved th e i r  p e r fo r ­
mance up to block 4 a n d  th en  leveled off.  T h e  7 -y ea r -o ld s  performance  
leveled off  a f t e r  block 2 while pe r fo rm ances  of th e  11- and  15 -y ea r -o ld s  
were  re la t ive ly  s table  ac ro ss  all 5 b locks  of  t r ia l s .
The  ANOVA for DT was s ig n i f i can t ,  £ (1 2 ,2 8 8 )  = 2.61. With two 
ex ce p t io n s ,  11- and  15 -y ea r -o ld s  block 4, DT improved a c ro ss  ages .  
Improvement over  blocks a p p e a r e d  to be c o n s is ten t  from block one to 
block two ac ross  ages .  Improvement in DT s t r a t e g i e s  on the  f i r s t  2 o r  
3 blocks  for all ages  was a p p a r e n t  for all ages  ex ce p t  11- and  1 5 -y e a r -  
olds from block two to th r e e  ( see  F igu re  15B).
Discuss ion
Age Differences
T h e  r e su l t s  of the  s t u d y ,  an a lyzed  in te rms  of only t h e  normal 
g ro u p  ind iv idua ls ,  indicated t h a t  developmental  d i f fe rences  did a p p e a r  
to ex i s t  for use  of reh ea rsa l  s t r a t e g i e s .  T h i s  f inding is in ag reem ent  
with developmental information p ro c e s s in g  s tu d i e s  o f  Chi (1977) and  
Wickens (1974). T h e i r  r e se a r c h  has  indicated t h a t  y o u n g e r  ch i ld ren ;
i . e . ,  5 -y e a r -o ld s ,  do n o t  util ize information p ro c e ss in g  s t r a t e g ie s  such  
a s  r eh ea rsa l  sp o n tan eo u s ly .  However,  if 5 -y e a r -o ld s  a re  t ra ined  to use 
a s t r a t e g y  a s  well as  cued  to use  th e  s t r a t e g y ,  th ey  a re  capable  of
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doing so .  F u r th e rm o re ,  by  th e  age of 7 ch i ld ren  a re  b eg inn ing  to 
util ize information p ro ce ss in g  s t r a t e g i e s ;  i . e . ,  r e h e a r s a l ,  s p o n ta n e o u s ly .  
T h is  spon taneous  u s a g e  con t inues  and becomes more soph is t ica ted  from 
age  7 to adu l thood ,  without  s ign i f ican t  d i f fe rences  being no ted  from 11 
to 15 y e a r s .  Examination of r e s u l t s  p r e se n te d  h e r e  (see F ig u re s  1, 2, 
3, and  4) indicate a l inear  d ec rease  in num ber  of  milliseconds (msec) 
r e q u i r e d  to ex ecu te  movements  in RpT,  MT1 , MT2 , a n d  TR T,  with age .  
DT, approximate  amount of time r e q u i r e d  to plan movement s t r a t e g y ,  
also shows a l inear  d e c re a se  with age .  T h e  l inear  d ec re a se  in DT adds  
c r e d e n c e  to th e  developmental a s p e c t  of sp o n tan e o u s  use  of s t r a t e g i e s  in 
in d iv idua ls .  As the  rehearsa l  p r o c e d u re  became more s p o n tan e o u s ,  th e  
older  ind iv iduals  were able  to maintain in STM which l ights  were pa i red  
with the  au d i to ry  s t im ulus .  Fas te r  r e sp o n se s  were indicated because  
less t ime was r e q u i r e d  for  p lann ing  th e  move a f t e r  th e  p ro b e  l igh t  was 
p r e s e n t e d .  T h e  increased  ef fic iency in use  of s t r a t e g y  was f u r t h e r  
s u b s t a n t i a t e d  by  t h e  linear  d ec re a se  in E  ̂ and  E2 with a g e .  The  TRT 
( see  F igu re  4 ) ,  a s  e x p e c t e d ,  was the  lowest for the  1 5 -yea r -o ld  g r o u p ;  
h o w ev er ,  th i s  was not s ign i f ican t ly  lower than  the  TRT for t h e  1 1 -y ea r -  
old g r o u p .
T h e  item which c o n t r ib u t e d  th e  most  to the  va l id i ty  of  th is  s tu d y  
was the  c o n s is te n t  react ion  times (RT) e s tab l i shed  for each individual  
an d  th e n  fo r  each age g r o u p  (MRT).  Previous  r e s e a r c h  has  e s ta b l i shed  
a r a n g e  o f  react ion times for  va r ious  ages  of individuals  a s  well as  for  
male and female d i f f e r e n c e s .  Essential  to th is  s t u d y ,  was the  e s ta b l i sh ­
ment  of  RT c o n s i s t e n t  with p rev ious  r e se a r c h  to a sce r ta in  a p p r o p r i a t e  
methodology.  T h e  r e sp o n s e  times for 5 - ,  7 - ,  11-,  a n d  1 5 -y ea r -o ld s  
p r e s e n t e d  in F igure  1A with DT s u b t r a c t e d  o u t  were  within 10 msec of
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the  reac t ion  times ob ta ined  in a p rev ious  s tu d y  by Thomas e t  al (in 
p r e s s ) .  The close ag reem en t  of the  react ion times of the  two d i f f e r e n t  
s tu d i e s  lends  c r e d e n c e  to the conclusion t h a t  the  data  p r e se n te d  h e re  
a c c u r a t e ly  r e p r e s e n t s  th e  capabi l i t ies  of the  normal ind iv iduals .  Within 
t h e s e  gu id e l in es ,  p e r h a p s  a more reliable indication of SPR abil i t ies  will 
be o f fe red .
T r e a tm e n t  Effects
Examination of the  r e s u l t s  of the  t re a tm e n t  main effect  indicated 
th a t  t h e  per fo rm ance  of  the  E g r o u p  ind iv iduals  was cons is ten t ly  s u p e ­
r io r  to t h a t  of the  C g r o u p  indiv iduals  for all of  the  following va r iab les :  
RpT,  DT, MT^, MT2 , T R T ,  E  ̂ and  E2> Even though  it  was possible  
fo r  th e  C g ro u p  of  a ce r ta in  age to have s u p e r io r  pe r fo rm ances  to the  
E g r o u p  of t h a t  same a g e ,  the  overal l  av e ra g e  scores  of  E g r o u p  indiv i­
d u a l s ,  r e g a r d l e s s  of age ,  were lower a n d ,  t h u s ,  s u p e r io r  to th a t  of the 
C g r o u p .  The following d iscuss ion  of the  age  x t rea tm en t  in terac t ion  
in d ica te s  t h a t  a l though  the  E g ro u p  pe r fo rm ance  was s ignif icant ly  s u p e ­
r io r  to t h a t  of th e  C g ro u p  in RpT,  MT^, DT, T R T ,  and E^, on some 
fac to rs  th e  C g r o u p  pe r fo rm ance  was s u p e r io r  to th a t  of the  E g r o u p .  
T h e  7 - y e a r -o ld  E g r o u p  was s u p e r io r  to th e  C g r o u p  on performance  in 
all va r iab le s  ex c e p t  RpT and  DT. A verag ing  of the  s ignif icant ly  d i f f e r ­
e n t  E and  C g ro u p  sco res  from the  two y o u n g e r  age  g ro u p s  influenced 
t h e  c o n s i s t e n t  11- an d  1 5 -yea r -o ld  E and  C g r o u p  sco res ,  t h u s  cau s in g  
a s ign i f ican t  t r e a tm e n t  main e f fec t .  Basical ly ,  age and  t re a tm en t  inde­
p e n d e n t ly  were not  as  meaningful a s  the  age x t r e a tm e n t  in te rac t ion .  
Age x T re a tm e n t  Effects
T h e  major d i f f e ren ce  be tween  E and  C g r o u p s  was found within the  
5 - y e a r -o ld  age  (see  F ig u re s  9, 10, an d  11) .  This  finding again coin­
cided  with the  re se a rc h  of Chi (1977)— which indicated t h a t  even though  
5 -y e a r -o ld s  do not s p o n tan e o u s ly  util ize control p rocess ing  s t r a t e g ie s  
su ch  as  r e h e a r s a l ,  th e y  a r e  capable  of implementing s t r a t e g i e s  if t ra ined  
and  reminded when to use  them .  T h u s ,  the  E g ro u p  was p red ic ted  to 
be b e t t e r  th an  the  C g ro u p  a t  age 5 y e a r s .  T h is  o bse rva t ion  was 
a p p a r e n t  in the  pe r fo rm ance  of th e  5 -yea r -o ld  g r o u p  in RpT,  M T ^  DT, 
T R T,  a n d  . T h e  d i f f e r e n c e s  in msec re q u i red  for  movements  in MT^ 
an d  DT between E and  C g r o u p s  a t  t h e  7- ,  11- ,  and  15-year-o ld  ages  
were  not s ign i f ican t .  D if fe rences  in Ê  for  th e  same ages  were not 
s ig n i f ic an t .  The s imilar it ies  in per fo rm ance  of th e  E and C g r o u p s  of 
7 - ,  11-,  an d  15 -y ea r -o ld s  was o b s e rv e d  in F igu res  9 A and  10A for  
RpT,  MT^, T R T ,  and  E^ . Examination of the  r e su l t s  indicated th a t  the  
7 - y e a r -o ld  E and C g r o u p s  both  improved in per fo rm ance  as  compared 
to t h e  5 -yea r -o ld  E and  C g r o u p s .  Especial ly noted was th e  5 -yea r-o ld  
C g ro u p  whose pe r fo rm ance  was s ign if ican t ly  slower  with more e r r o r s  
t h an  th e  5 -yea r -o ld  E g r o u p  an d  th e  E and  C g r o u p s  o f  7 - ,  11-,  and  
1 5 -y e a r -o ld s .  T h e  7 -y e a r -o ld  C g r o u p  perform ance  on RpT and DT was 
s l igh t ly  su p e r io r  to the  pe r fo rm ance  of th e  E g ro u p  and  indicated  th a t  
sp o n ta n e o u s  u se  of r eh ea rsa l  was beg inn ing  to o c cu r .  Even though  the 
7 - y e a r -o ld  E g r o u p ' s  p e r fo rm an ce  was s u p e r io r  to t h a t  of the  C g r o u p  
on MT.j an d  TRT with fewer  e r r o r s  (see  F igu res  11A and  B) ,  a signif i­
c a n t  d i f fe ren ce  did not o c c u r .  T hese  r e su l t s  f u r t h e r  e s ta b l i sh ed  th e  
po in t  t h a t  spon taneous  u s e  of s t r a t e g i e s  such  as  r ehea rsa l  allowed th e  
perfo rm ance  of th e  C g r o u p  to closely approximate  th e  performance  of 
t h e  E g r o u p .  Even th o u g h  th e  C g r o u p  had not  rece ived  t r a in in g  in 
th e  use  o f  r eh ea rsa l  s t r a t e g i e s .
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T he  11-yea r-o ld  E g ro u p  perfo rm ance  only exceeded  th e  p e r fo r ­
mance of t h e  11-year-o ld  C g r o u p  on TRT b u t  was similar in E ^  The 
11-year-o ld  C g ro u p  d e m o n s t r a te d  f a s t e r  t imes than  the  E g r o u p  in 
RpT,  MT.j, an d  DT. Again t h e  d i f fe ren ces  noted  between the  two 
g r o u p s  were not  s ign i f ican t  (See means and Newman-Keuls,  Appendix
B ) .  The  per fo rm ance  o f  11 -yea r-o ld  C g r o u p s  was su p e r io r  to E and C 
g ro u p  per fo rm ance  of th e  5- and  7 -y e a r -o ld s  on RpT, MT^, DT, and 
T R T .  E1 for  11-yea r -o ld  E and  C g r o u p s  was s ign if ican t ly  less than  Ê  
for  the  5 - y ea r -o ld  E an d  C g r o u p s  b u t  was similar in Ê  to the  7 - y e a r -  
old E g r o u p .  A linear improvement in RpT, MT-^, DT, and  T R T ,  with 
a d ec re a se  in Ê  was no ted  a c r o s s  ages  from a g e  5 to age 11 in both  E 
and  C g r o u p s .  Hence, th e  11-yea r-o ld  g r o u p s ,  both  E and  C, were 
more eff ic ien t  and  c o n s i s t e n t  in t h e i r  spon taneous  u se  of r e h e a r s a l ,  
r e su l t ing  not only in comparab le  perform ance  of the  two g r o u p s  (E and
C) b u t  also in p e r fo rm an ce  s u p e r io r  to t h a t  of the  y o u n g e r  ages  on all 
va r iab les  RpT, MT^, DT, T R T ,  an d  E1 .
T he  15-yea r-o ld  E and  C g r o u p s  d em o n s t ra ted  pe r fo rm ance  supe­
r ior  to all o th e r  ages  in th e  E and  C g ro u p s  in RpT, MT^, DT, and 
TRT and  had th e  lowest  Ê  r e s u l t s .  Performance of the 15-yea r-o ld  E 
g ro u p  was s u p e r io r  to t h e  15-yea r -o ld  C g ro u p  performance  for RpT 
an d  DT with lower Ê  r e s u l t s .  T h e  d i f fe rences  between the  two g ro u p s  
were v e ry  small.  When com pared  to t h e  11-year-o ld  E and C g r o u p s ,  
t h e  15-yea r-o ld  E an d  C g r o u p s  showed linear  improvements  in p e r fo r ­
mance on RpT,  MT^, DT,  T R T ,  an d  in E^. Improvement was parallel  
from 11-yea r-o ld  C g r o u p  pe r fo rm ance  on DT to 15 -yea r-o ld  C g roup  
performance  on DT; the  same was t r u e  for 11- and  15-year-o ld  E 
g r o u p s  on TR T.  T h e  d i f f e r e n c e s  noted in pe r fo rm ance  be tween  the
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11-year-o ld  and  1 5 -yea r -o ld  g r o u p s  were not s ign i f ican t ,  ind ica t ing  t h a t  
the  sp o n ta n e o u s  use  of r eh ea rsa l  s t r a t e g i e s  was p r e s e n t  for  both  a g e s .  
Addit ionally ,  no ev idence  of a s ign i f ican t  ch a n g e  in usage  o ccu r red  from 
age  11 to 15 as  ev idenced  by the  comparable  performance  of E and  C 
g r o u p s  a t  both a g e s .  T h e  s l igh t ly  s u p e r io r  pe r fo rm ance  of the 1 5 -y e a r -  
old E and C g r o u p s  may have  indicated th a t  once totally spo n tan eo u s  
u se  of a s t r a t e g y  ( i . e . ,  r eh e a r s a l )  is e s tab l i shed  a t  age 11, only  p e r ­
fection of  e f f ic ien t  use  of  t h a t  s t r a t e g y  occu rs  from 11 to 15 y e a r s — 
h e n ce ,  t h e  comparable pe r fo rm ance  of 11- and  15-yea r-o ld  E and  C 
g r o u p s .
Hypotheses
To avoid r e d u n d a n c y  a n d  to faci li tate b e t t e r  o rganizat ion  of t h e  
p r e s e n ta t i o n ,  t h e  h y p o th e se s  will be d i sc u s se d  in th i s  sect ion accord ing  
to the  s ignif icance  of the  r e s u l t s  r a t h e r  than  in the  seq u e n c e  p r e s e n te d  
in C h ap te r  I. S ign if ican t  main ef fec ts  and  in te ra c t io n s  will be in te r ­
p r e te d  in te rms of those  ef fec ts  t h a t  s u p p o r te d  or  t h a t  failed to s u p p o r t  
th e  h y p o th e se s .
Age Effects
T h e  p red ic t ion  was made in Hypothesis  Two th a t  an inc rease  in 
perfo rm ance  on va r iab les  DT, RpT,  MT^, and MT2 would be o b s e rv e d  
a c ro ss  the  5 - ,  7 - ,  11-,  a n d  1 5 -yea r -o ld  age  g r o u p s  as  a r e su l t  of m a tu -  
ra t iona l e f f e c t s .  The r e s u l t s  s u p p o r t e d  th is  h y p o th e s i s  for th e  v a r i ­
ab les  l i sted  h e r e  (D T^ , RpT ,  MT1 , an d  MT2) .
Hypothesis  T h r e e  p r e d ic t e d  th a t  th e  per form ance  of the  older  
ind iv idua ls  (11- an d  1 5 -y e a r -o ld s )  would be co n s is ten t ly  s u p e r io r  to 
t h a t  of t h e  y o u n g e r  in d iv id u a ls .  The  noted l inear  d ec re a se  in msecs of
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per fo rm ance  on RpT, MT^, MT^, DT, T R T ,  a s  well a s  lower an d  E^ 
r e s u l t s  ac ross  a g e s ,  s t ro n g ly  s u p p o r t e d  th is  h y p o th e s i s .
Age x T re a tm e n t  Effects
RpT per fo rm ance  was s ign if ican t ly  d i f f e r e n t  for 5 -y ea r -o ld  E and  C 
g r o u p s  as  p red ic ted  by Hypothes is  F o u r .  The  5 -yea r -o ld  E g r o u p  RpT 
perfo rm ance  was much fa s te r  in msec th a n  the  5 -y e a r -o ld  C g r o u p .
Hypothesis  Seven s t a t e d  t h a t  t h e  7-year-otei E and  C g ro u p  p e r fo r ­
mances on RpT would beg in  to approx im ate  each o th e r  r a t h e r  than  
remaining s ign if ican t ly  d i f f e re n t  as  t h e  5 -yea r -o ld  E and  C g r o u p s '  
per fo rm ance  in RpT.  T h i s  r e s u l t  was ex p ec ted  to  o ccu r  as  ev idence  of 
s p o n tan e o u s  use  o f  r eh e a r s a l  s t r a t e g i e s  o c c u r r in g  in t h e  7 - y e a r -o ld s .  
T h is  h y p o th e s i s  was c lea r ly  ver i f ied  ( see  F igu re  9A).
The  pred ic t ion  of Hypothesis  Eight t h a t  the  same perform ance  
would o ccu r  for  11- and  15-yea r -o ld  E and  C g r o u p s  on RpT was v e r i ­
fied in the s t u d y .  The fact  t h a t  no s ig n i f ican t  d i f fe rences  were identi­
fied be tween  E and  C g ro u p  11- y e a r - o l d s  or  E and  C g r o u p  1 5 -y e a r -  
olds s u p p o r t s  the  assum pt ion  th a t  r eh e a r s a l  o ccu rs  s p o n tan e o u s ly  a t  
those  ages .
The  pe r fo rm ance  of 11- and  1 5 -y ea r -o ld  E and  C g r o u p s  was p r e ­
d ic ted  in Hypothesis  Twelve to be v i r tua l ly  the  same for per form ance  in 
DT. The  r e s u l t s  of the  s tu d y  ind ica ted  t h a t  no s ign if ican t  d i f f e re n c es  
ex i s ted  between the  E and  C g r o u p s  a t  t h e  11- and  15-yea r-o ld  age 
levels .  T h e r e  was only a maximum o f  60 msec within th e  e n t i r e  r ange  
of  DT scores  for  E and  C g r o u p s  a t  t h e  11-and 15-year-o ld  levels;  
t h e r e f o r e ,  t h e  h y p o th e s i s  was v e r i f i e d .
Hypothes is  F o u r tee n  p re d ic ted  t h a t  no d i f fe ren ces  in MT^ p e r f o r ­
mance would be no ted  between E and  C g r o u p s  a t  th e  d i f f e re n t  age
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levels b u t  th a t  a l inear  improvement  in pe r fo rm ance  would be noted 
ac ro ss  a g e s .  Because a s ign i f ican t  d i f fe rence  in performance  of E and  
C g ro u p s  a t  the 5 - y ea r -o ld  level was ident i f ied ,  t h i s  p a r t  of the  hypo­
thes is  failed to be s u p p o r t e d  by  the  r e s e a r c h .  However ,  a def in i te  
l inear  d ec rease  in msec (improvement)  o cc u r re d  a c ro ss  ag es .  Approxi­
mately 4400 msec were r e q u i r e d  in MT^ for th e  5 -yea r-o ld  C g ro u p  
individuals  as opposed  to  800 msec in for  the  15-year-o ld  C g r o u p .  
The  5 -year-o ld  E g ro u p  performance  on MT^ took approximate ly  2500 
msec as  opposed to the 15-yea r-o ld  E g ro u p  perform ance  of a p p ro x i ­
mately 870 msec; t h u s ,  a d ramatic  l inear  improvement  on MT^ was 
ident i f ied .
MT^ per fo rm ance  was p red ic ted  to be the  same between  E and  C 
g ro u p s  a t  each age  level bu t  to show a linear improvement  a c ro ss  ages
from 5 to 15 y e a r s .  T h e  followup ANOVA for  MT^ failed to be s ignif i­
c an t ;  t h e r e fo r e ,  th is  h y p o th e s i s  was s u p p o r t e d  by  the  r e s e a r c h .
Examination of the  means in msec for  the  E and  C g r o u p s  a t  the  5 - ,  7 - ,  
11- ,  and  15-year-o ld  ag e  level ind ica ted  th a t  E and  C g ro u p  5 -y e a r -o ld s  
were  approximate ly  1300 msec a p a r t  (E g r o u p  su p e r io r )  in t h e i r  p e r f o r ­
mance on MT^. The  o th e r  age  g r o u p s  7- ,  11- ,  and  1 5 -y e a r -o ld s  were 
c lose r  in th e i r  s co re s  between E and  C g r o u p s .  A def in i te  l inear
improvement in pe r fo rm ance  was noted  for  both E and C g r o u p s .  The  
5 -y ea r -o ld  E g ro u p  MT^ pe r fo rm ance  time was approximate ly  2800 msec 
as  compared to t h e  15-year-o ld  E g ro u p  perform ance  of approx im ate ly  
1300 msec. T he  5 - y e a r -o ld  C g r o u p  MT2 per fo rm ance  was approximate ly  
4100 msec as  compared  to t h e  15-year-o ld  C g ro u p  perfo rm ance  of 
approximate ly  1100 msec. Although d i f f e r e n c e s  between g r o u p s  were 
n o te d ,  they  were not  s ig n i f ican t .
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Conclusions
The  developmenta l  a s p e c t s  of the  s p o n tan e o u s  use  of information 
p ro c e ss in g  s t r a t e g i e s  such  as  r ehea rsa l  a p p e a r  to be c o n s is te n t  ac ro ss  
ages  r e g a rd le s s  of t h e  va r iab le  being m e asu red .  A de f in i te  l inear  
improvement in pe r fo rm ance  may be identified for  RpT,  MT^, DT,  T R T ,  
and MRT with a d e c rea se  in E  ̂ ac ro ss  a g e s .  Addit ional ly , 5 -y ea r -o ld  E 
an d  C g r o u p s  d e m o n s t r a t e  a s ign i f ican t  d i f f e r e n c e  in pe r fo rm ance  con­
s i s ten t ly  for all va r iab les  be ing m ea su re d .  T h e  7 -y ea r -o ld  E and C 
g r o u p s  move c loser  t o g e th e r  in p e r fo rm an ce ,  an d  th e  C g ro u p  improves ,  
ind ica t ing  th a t  a sp o n ta n e o u s  use  of s t r a t e g y  is beg inn ing  to o c c u r .  
T h e  11- and  1 5 -y ea r -o ld  E and C g r o u p s  show comparable  pe r fo rm ance  
with no s ign i f ican t  d i f f e re n c e s  iden t i f ied ,  t h u s  indicat ing  th a t  the  use  
of  s t r a t e g i e s  has  been firmly e s ta b l i sh ed  an d  well deve loped .
The  major indicat ion of th i s  c h a p t e r  was t h a t  Normal young chil­
d r e n  p ro c e s s  information d i f f e ren t ly  t h a n  o lder  c h i ld re n .  Younger  
c h i ld ren  do not sp o n ta n e o u s ly  use  s t r a t e g i e s  such  as  r eh ea rsa l  for  
maintaining information in s h o r t  term memory. T h e i r  pe r fo rm ance  is 
more ineff ic ient  with more e r r o r s  as  a r e s u l t .  However ,  if y o u n g e r  
c h i ld re n  a re  t ra ined  in u sage  of r eh ea rsa l  o r  o th e r  s t r a t e g i e s  and 
reminded to use the  s t r a t e g i e s ,  t h e y  a r e  capable  of implementing them— 
th u s  re su l t in g  in im proved ,  more a c c u ra te  pe r fo rm ance .
The  n e x t  s tep  in indicat ing d i f fe ren ces  be tween SPR and  normal 
Indiv iduals  is to examine the  pe r fo rm ance  of the  SPR indiv iduals  and 
compare it to pe r fo rm ance  o f  normal indiv iduals  of the  same age .
C h a p t e r  5
RESULTS AND DISCUSSION OF THE STUDY 
USING DATA FROM THE SPR AND NORMAL GROUPS 
WITHOUT 5-YEAR-OLDS INCLUDED
The  comparison of SPR-Normal information p rocess ing  d i f fe rences  
in th is  c h a p t e r  was completed by  matching chronological ages  in a g roup  
x age  x t re a tm e n t  x block (2 x 3 x 2 x 5) completely randomized des ign  
with repea ted  measures  on th e  last fac tor .  Since 5-year-o ld  SPR indivi­
dua ls  were not  used  in th is  s tu d y ,  only 7 - ,  11-,  and  15-year-o ld  SPR 
and Normal individuals  a re  included in this  analysis  so tha t  a balanced 
chronological age  match could be ach ieved .
Main ef fec ts  and  in terac t ions  t h a t  collapse SPR and Normal indivi­
duals  into the same g r o u p  will not  be d iscussed  because  of d is to r t io n s  
th a t  occur  as  a r e su l t  o f  combining the two g r o u p s .  Only s ignif icant  
r e su l t s  will be d i sc u s s e d .  However,  r e su l t s  tha t  were nojt s ignif icant  or 
tha t  t r e a t  SPR and normal individuals  to g e th e r  may be d iscussed  in 
te rms of masking e f fec ts  o ccu r r in g  as  a re su l t  of tha t  combination. 
Complete s ta t is t ica l  tab les ,  means,  s ta n d a rd  dev ia t ions ,  and Newman- 
Keuls te s t s  may be found in Appendix C.
Results
Group Effects
The  g ro u p  main ef fect  was s ignif icant  for both MANOVA's, £ (3 ,106)  
= 97.89, 101.38, r e sp ec t iv e ly ,  for th e  model th a t  contained  var iables  
RpT, MT1, and  MT2 , along with the model t h a t  contained var iab les  E1 
and E2* Followup ANOVA's were s ignif icant  for RpT, M T ^  MT2 and 
E , E2, £ (1 ,432)  = 173.12, 268.77, 168.70, 152.95, and  169.90. The  
independen t  ANOVA's for DT and  TRT were s ignif icant ,  £ (1 ,4 3 2 )  =
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16.57, 236.93. Obvious ly  a s ign i f ican t  g r o u p  main effect was expec ted  
because  of the  inte l lectual  an d  behaviora l  d i f fe rences  t h a t  ex i s t  n a tu r a l ­
ly between normal an d  SPR ind iv idua ls .  Fai lure of th is  effec t  to be 
s ign i f ican t  could have to ta l ly  inval ida ted  the  e n t i r e  s t u d y .  However,  
t h e  r e se a r c h  was va l ida ted  b y  th e  Normal g ro u p  dem o n s t ra t in g  s u p e r io r  
per fo rm ance  as  compared to the  SPR g ro u p  (see F igures  16, 17, 18 and 
19).
Age Differences
T h e  MANOVA conta in ing  d e p e n d e n t  v a r iab le s  RpT,  MT^, an d  MT^ 
was s ign i f ican t  for the  ag e  main e f fec t ,  £ (6 ,2 1 2 )  = 6.36.  Followup 
ANOVA's were s ign i f ican t  for  only MT1 and  MT2 , £ (2 ,4 3 2 )  = 15.36, 
7 .17 .  Also s ign i f ican t  was t h e  MANOVA con ta in ing  d e p e n d e n t  va r iab le s  
a n d  £ (4 ,2 1 4 )  = 4 .7 7 .  Followup ANOVA's were s ign if ican t  for 
and  E £ (2 ,4 3 2 )  = 9 .70 ,  5 .26 .  Only the  in d e p e n d en t  ANOVA for TRT 
was s ign if ican t  £ (2 ,4 3 2 )  = 10.18.  Examination of the  s ign i f ican t  r e su l t s  
ind ica ted  th a t  even th o u g h  SPR and  Normal indiv iduals  were col lapsed 
to g e t h e r  into the  th re e  age levels  a n a ly zed ,  a l inear  dec rease  in msec 
was a p p a r e n t  ac ro ss  ages  from 7-  to 15 -y ea r -o ld s  (see F igures  20, 21, 
an d  22) .  Likewise a d e c r e a s e  in E1 a n d  E2 was also a p p a r e n t  ac ross  
ages  from th e  y o u n g e s t  to th e  o ld es t  g r o u p  (see  F igure  22A and  22B). 
Any o t h e r  in te rp re ta t io n  of th e se  r e s u l t s  would be r a t h e r  h aza rdous  
because  of the  ex t rem e pe r fo rm ance  d i f fe rences  between SPR and 
Normals within t h e  age g r o u p .
Group x Age Effects
T h e  g ro u p  x age  in te rac t ion  fo r  the  MANOVA's were s ign i f ican t ,  
£ ( 6 ,2 1 2 )  = 5.89,  3.68.  Followup ANOVA's were s ignif icant  for d e p e n ­
d e n t  v a r ia b le s  RpT,  MT1 , a n d  E^, £ (2 ,4 3 2 )  = 3 .45 ,  4 .40 ,  4 .16 .
FIGURE 16. SPR AND NORMAL CROUP





























Or—  tv  ICS C t t t u t t r  H itt*  O rtf tln «  S v t t t t
73
F1QURE 17. SPR AND NORMAL GROUP PERFORMANCE
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FIGURE 18. SPR AND NORMAL GROUPS
PERFORMANCE DIFFERENCES FOR El ANO E2
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FIGURE 20. PERFORMANCE DIFFERENCES AMONG THE7# II* AND 15-YEAR-OLD AGE GROUPS
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FIGURE 22. PERFORMANCE DIFFERENCES IN ERRORAMONG THE 7* 11, ANO IS-YEAR-OLD AGE GROUPS
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In d ep en d en t  ANOVA's were s ignif icant for DT, MRT^, and  MRTR , 
£ (2 ,4 3 2 )  = 5.09,  £ ( 3 ,7 6 )  = 51 .60, £ ( 2 ,5 7 )  = 3.88. A Newman-Keuis 
t e s t  as  a follow-up analys is  indicated th a t  the re  was a signif icant  d i f f e r ­
ence in performance between SPR and  Normal individuals for all va r i ­
ables  (MRT, RpT, MT^, E1) and a t  all age  levels (7, 11 and 15) excep t  
7-  and  11-y e a r -o ld s  in DT.
T he  re su l t s  of MRT (see F igure  23) were extremely important  to 
the  val idi ty  of the s tu d y .  A s ign if ican t  l inear improvement in p e r fo r ­
mance (dec rease  in msec of react ion time) was identified between all age 
levels from 5 -year-o lds  to 15-year-old  normal individuals (5-,  7 - ,  11-, 
and  15 y ea r  o lds ) .  T he  d i f fe rences  between SPR and Normal indivi­
duals  a t  the same age  level were also s ignif icant  as identified by  
Newman-Keuls follow up  analys is  us ing  a harmonic mean for  unequal  N's 
(Winer, 1971). A s ign if ican t  l inear improvement in performance was
also identified from 7-year-o ld  to 15-year-o ld  SPR individuals.  Even 
though the  SPR individuals  were approximate ly  th ree  times slower in 
the i r  reaction time, th e  same t r e n d s  of co n s is ten t  improvement from 
younger  to older individuals  were a p p a r e n t  ju s t  as  they were in Normal 
ind iv iduals .  When examining th e  MRT g r a p h s ,  remember th a t  MRT is 
pu re  reaction time p re se n ted  without  decision time. The RpT, response  
time, sco re s  p re sen ted  a r e  reaction time combined with decision time.
Initial examination of  RpT and  DT resu l t s  for SPR individuals  
seemed to indicate tha t  o lder  individuals  were ge t t ing  slower instead of 
fas te r  in response  and decision time (see F igures  23B and 24A), an 
opposite  effect to what  was e x p ec ted .  However, when MT1 and  Ê  
r e su l t s  were examined the  pred ic ted  linear improvement in performance 
was a p p a re n t  in the  SPR g roup  as  in the  Normal g ro u p .  In light  of the
80
FIGURE 23. SPR AND NORMAL CROUPS PERFORMANCE
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FIGURE 24. SPR AND NORMAL CROUPS PERFORMANCE
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MTj and Ê  r e su l t s ,  RpT (which was combined MRT and DT) was d i s ­
to r ted  by  the DT r e s u l t s .  The  younger  individuals  (7 -year -o lds  espec i ­
ally) in the  SPR g roup  were react ing to the probe  l ight  immediately 
without a movement s t r a t e g y  in mind, so elevated MT^ re su l t s  r e p r e ­
sen ted  MT^ and  DT for 5-  and  7 -yea r -o ld  individuals ,  whereas  RpT
re p re sen te d  MRT and DT for the  15-year-o lds  and MT1 was only M T^
T he  DT re su l t s  had a masking ef fec t  on RpT re su l t s ,  caus ing  an appa­
r e n t  decline in performance across  a g e s .  The  la t ter  in te rp re ta t ion  of  
the  r e su l t s  seems reasonable  in l ight  of the  MRT re su l t s  r e p re s e n te d  in 
Figure  23 and the MT^ and E  ̂ r e su l t s  in F igure  24B and 25.
T rea tm ent  Effects
Also s ignif icant  in th is  ana lys is  was the MANOVA for  t rea tment  
containing d e p e n d e n t  var iab les  RpT, MT and MT2, £ (3 ,1 0 6 )  = 4.09. A 
second MANOVA containing d ep e n d en t  var iab les  Ê  and  E2 was also 
s ignif icant ,  £ (2 ,1 0 7 )  = 7.74. Followup ANOVA's were s ignif icant  for
MT , MT2 , E ^  and  Er  £(1 ,432) = 12.47, 9 .16,  9.88,  14.27. RpT
approached  s ignif icance,  £ (1 ,4 3 2 )  = 3.81 , £  = .054. The in dependen t  
ANOVA for TRT was s ign if ican t ,  £ (1 ,432)  = 11 .33. Examination of 
re su l t s  (see F igures  26, 27 and  28) indicated  su p e r io r  performance on 
all var iab les  (MT1, MT2 , E1 , E2 » and  TRT) by th e  E g ro u p  individuals .  
RpT and  DT performances  of E g roup  individuals  were super io r  to the  
performance of the C g ro u p  individuals  a l though th e re  was not a signi­
f icant  d ifference (see Table C-6, Appendix  C) .  I n te rp re ted  re su l t s  
indicate th a t  the E g ro u p  individuals  who were tra ined in the  use of 
rehearsa l  s t r a teg ie s  benef i t ted  from the i r  t ra in ing  evidenced by the i r  
s u p e r io r  performance for all va r iab les .  Problems in achieving a clear
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FIGURE 26. E ANO C GROUPS PERFORMANCE
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FIGURE 27. E ANO C GROUPS PERFORMANCE
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FIGURE 28. PERFORMANCE DIFFERENCES BETWEEN
E ANO C GROUPS ON El AND E2
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in te rp re ta t ion  existed  h e r e  because  of the SPR and Normal g roups  being 
combined.
Group x Trea tm ent  Effects
The  g r o u p  x t re a tm e n t  in teract ion for  the MANOVA with d e p e n d e n t  
var iables  RpT,  MT^, and  MT2< was s ign if ican t ,  £ (3 ,106)  = 3.64.  
Followup ANOVA's were s ignif icant  for RpT, MT1, and  MT2 , £(1 ,432) = 
4.79,  10.20, 5 .27.  The TRT ANOVA was s ignif icant ,  £(1 ,432) = 8.01 . 
Foliowup Newman-Keuls multiple range te s t s  identified s ignif icant  d i f f e r ­
ences  between SPR E and  C g roup  performances  on all d e p e n d e n t  v a r i ­
ables  mentioned as  s ignif icant  (RpT,  MT^, MT2 , and  T R T ) .  Addi­
tionally,  s ignif icant  d i f fe rences  were identified between E and C g roup  
SPR individuals  and E and C g roup  Normal individuals  (see F igures  
29A, 30, 31 and 32).  Examination of the  resu l t s  p re sen ted  in F igures  
29A and 30 indicated t h a t  the rehearsal  t ra in ing  received by  the  E 
g roup  individuals  had a much g r e a t e r  influence on the performance of 
t h e  SPR individuals than on the  normal ind iv iduals .  Performance of the 
normal individuals  ap p ea re d  to be v i r tua l ly  unaffec ted  by the  t r a in in g .  
The  amount of improvement in performance  between C and E g roup  SPR 
individuals  appeared  to be cons is ten t  ac ross  all d e p e n d e n t  var iab les ,  
even  DT, E  ̂ and  E2 which were plot ted for  i l lustrative p u rp o se s  since 
they were not identified as  being s ignif icant  (see Figures  29B and 31).  
Age x Trea tm ent  Effects
The  age x t re a tm en t  interact ion MANOVA was not  s ignif icant ,  
followup ANOVA's were also not s ign i f ican t .  However,  wor thy  of point­
ing out  here  is the  masking ef fec t  tha t  occur red  as  a re su l t  of collap­
sing SPR and Normal individuals  into only E and C g r o u p s .  Group x 
t rea tm en t  effects  d iscussed  ear l ie r  indicated th a t  Normal E and C g roup
88
FIGURE 29. PERFORMANCE DIFFERENCES BETWEEN
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FIGURE 30. SPR ANO NORMAL GROUPS PERFORMANCE
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FIGURE 31. PERFORMANCE DIFFERENCES BETWEEN
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individuals  performed v ir tual ly  th e  same at  the 7 - ,  11-,  and  15-year-o ld  
age  levels.  Additionally, it  was pointed out  tha t  th e re  was a s ignif icant  
improvement in performance  between SPR C and E g roup  individuals  a t  
the  7- ,  11-,  and  15-year-old  age  levels.  In the  p r e se n t  an a ly s is ,  the  
collapsing of the Normal an d  SPR individuals  into only E and C g ro u p s  
a p p e a r s  to have resu l ted  in a cancell ing ou t  of the effects  prev ious ly  
identif ied .  T he  c u r r e n t  ana lys is  revealed t h a t  the E g ro u p  performance 
remained super io r  to the  performance of the  C g ro u p  for var iab les  RpT, 
MT^, DT and TRT (see F igures  33, 34, 35 and  36) with lower Ê
and E^ scores  (see Figure  35) ,  the  ef fect  of the  SPR E g r o u p  r e su l t s  
having influenced the  Normal E g ro u p  r e s u l t s .  T he  C g roup  p e r fo r ­
mance appeared  much closer to th a t  of the  E g roup  and r e n d e re d  ins ig­
nificant  the d is tances  between the  two. The  lowered ( improved)  C 
g ro u p  re su l t s  appeared  t h a t  way because  of the h ig h e r  performance of 
th e  Normal C g roup  ra ised  th e  lower performance of the  SPR C g roup  
indiv iduals .  Hence, the  non-s ign if ican t  ef fec ts  of the  Normal C g ro u p  
individuals  masked th e  ef fec ts  of the  SPR C g roup  individuals  and vice 
v e r s a ,  a s ituation which cancelled out  all s ignif icant effects  for the  
in te rac t ion .
Age x T rea tm en t  x Block Effec ts .
The  only th re e -w ay  in terac t ion  MANOVA th a t  was s ignif icant was 
the age x t re a tm e n t  x block in terac t ion ,  £ (16 ,862)  = 1 .83. Only the  
follow-up ANOVA for Ê  was s ignif icant ,  F(8,432) = 2 .10 .  Nei ther  of 
the independen t  ANOVA's (DT, TRT) were s ign if ican t .  In te rp re ta t ion  
of this  interact ion would have been r a th e r  hazardous  since no major 
effects  were a p p a r e n t .  The r e su l t s  may be found in Figure  2 of 









FIGURE 33. PERFORMANCE DIFFERENCES BETWEEN
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FIGURE 34. E ANO C GROUPS PERFORMANCE
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FIGURE 35. PERFORMANCE DIFFERENCES AMONG
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FIGURE 38. PERFORMANCE DIFFERENCES AMONG
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Group E ffec ts .
Spanning  the  analys is ,  t h e  general  f indings  indicated th a t ,  as  
ex p ec ted ,  the  Normal individuals '  per formances  were super io r  to the  
SPR individuals .  Addit ionally, i t  became ap p a re n t  by examination of 
d ifferences  in performance on the  var ious  d e p e n d e n t  var iab les  th a t  
collapsing the  two g ro u p s  into merely E and C or  age g ro u p s  f requent ly  
resu l ted  in masking ef fec ts  of o therwise s ignif icant  r e su l t s .  Collapsed 
ef fec ts  and in teract ions  th a t  follow must  be d iscussed  with this  masking 
effect in mind.
Age Differences
As d iscussed  p rev ious ly ,  RpT and DT were not found to be signi­
ficant in followup ana lys is  due  to d is to r ted  DT resu l ts  for younger  
individuals .  The resu l t s  indicated th a t  more of a reaction time measure­
ment than a DT measurement was a p p a r e n t  in the  7 -year-o ld  and  11- 
year-o ld  age levels.  Actual DT was ap p a ren t ly  incorporated  into MT^, 
resu l t ing  in lower DT and  RpT scores and elevated MT^ scores  for 
7 -yea r-o lds  especially.  Because the 15-year-o lds  were deciding the i r  
s t r a t e g y  for movement d u r in g  the  RpT-DT in te rva l ,  the i r  RpT and  DT 
r e su l t s  appeared  to be slower (in msec) than  the  7-  and 11-year-old  
age g r o u p s .  A closer examination of  MRT and MT^, along with a 
dec rease  in and E^ for  the older  age g r o u p ,  indicated th a t  a d i s to r ­
tion o f  da ta  was o c c u r r in g .
Group x Age Effects
Par ticular ly  important  to the validity o f  the s tudy  was the indica­
tion of a l inear improvement in MRT across  ages from 7 -year-o lds  to
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15-year-o lds  in the  SPR g r o u p .  Th is  provided evidence in favor  of a 
spon taneous  use of an information process ing  s t r a t e g y ,  such as  r e h e a r ­
sal,  being util ized by  o lde r  SPR individuals .  T h e re  has  been vir tual ly  
no information in the  l i te ra tu re  th a t  indicated SPR individuals  were even 
capable of implementing s t r a t e g i e s  they had been  ta u g h t ,  much less  
spontaneously  util izing a s t r a t e g y .  As seen in Figure 23, the  MRT of 
SPR individuals follows the t r e n d  of the Normal individuals  only a t  a 
r a te  approximate ly  th re e  times slower (in msec).
T he  same masking e f fec t  th a t  occured  in RpT and DT, r en d e r in g  
them non-s ignif icant  in the age main e f fec t ,  o ccu r red  in RpT and DT in 
the  g ro u p  x age  in terac t ion .  The  y o u n g e r  SPR individuals were incorpo­
ra t ing  DT into MT1 which re su l ted  in lower DT and RpT scores bu t  
e levated the  MT and  sco res  for the i r  age level.  T he  15-year-old  
SPR individuals  were incorpora t ing  DT into RpT and not  MT1 which 
r e su l ted  in the i r  performance  in RpT and DT appear ing  inferior  to that  
of the  5 -year-o ld  and 7 -yea r-o ld  SPR age g r o u p s .  Consideration and 
ana lys is  of the 15-year-o ld  SPR MRT, M T ^  , and  TRT re su l t s  indi­
ca ted  tha t  their  r e sponses  had been a more accura te  indication of the i r  
performance p a t t e rn  than  the r e sp o n ses  of the y o u n g e r  SPR age g r o u p s .  
Trea tm ent  Effects
Consideration of the  en t i re  analys is  indicated t h a t  the E g roup  
individuals '  performances  were cons is ten t ly  super io r  to those of the  C 
g roup  indiv iduals .  This  held t r u e  even for  RpT which only approached  
signif icance and DT which was not s ignif icant .
Group x Trea tm ent  Effects
Of special in te re s t  to the s tu d y  were the re su l t s  of this  in teract ion.  
Whether or not the SPR E g ro u p  individual would dem onstra te  beneficial
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r e su l t s  from rehearsa l  t ra in in g  was u n c lea r ,  even  though it was p red ic ­
t e d .  Summarizing the  r e s u l t s ,  the  finding was tha t  the SPR E g ro u p  
individuals '  performance was s ignif icantly  su p e r io r  to tha t  of the SPR C 
g ro u p  in all d e p e n d e n t  v a r iab le s .  The Normal E and C g ro u p  indivi­
duals  did not d i f fe r  s ignif icant ly  in performance  for any of  the  dep en ­
d e n t  var iables  (MT^, MT2 , TR T,  E^, and  E2) .  It ap p ea red  th a t  Normal 
E g ro u p  individuals did not benef i t  from rehearsal  t r a in in g .  Since only 
7- ,  11-,  and 15-year-old  age levels were r e p re s e n te d  in th is  ana lys is ,  
an accu ra te  indication of the influence of rehearsal  t ra in ing  on the 
Normal E g roup  was not  re f lec ted  h e r e .  It was es tab l ished  in the  
prev ious  analys is  (C h ap te r  4) t h a t  s ignif icant  d i f fe rences  between E and 
C g roup  performance ex is ted  between the  5 -year-o ld  E and C g r o u p s .  
The  developmental a sp e c t s  of the spontaneous  use  of information p ro ces ­
s ing s t ra teg ie s  such as rehea rsa l  accounted  for the  following t r e n d  in 
t h e  Normal E g roup  performance .  The  performance of the  C g roup  
individuals a t  the 7- ,  11- ,  and  15-year-o ld  age levels approximated ,  
more closely ac ross  ages ,  t h e  performance  of the E g ro u p  individuals  a t  
the  7- ,  11- ,  and 15-year-o ld  age  levels as a resu l t  of spon taneous  
rehearsa l  s t r a t eg ie s  being utilized by  th e  C g roup  individuals.
Age x Trea tm ent  and Croup x Age x Trea tm ent  Effects
Significant  age and t re a tm en t  main effects  lead to expecta t ion of a 
s ignif icant  age x t rea tment  in teract ion and more important ly  a g ro u p  x 
age  x t re a tm e n t  in terac t ion .  Neither  of the above expecta t ions  tu rn ed  
out  to be s ign if ican t .  Examination of the  means for the in terac t ions  
(See Appendix C) indicated th a t  a l inear  increase in performance was 
p re se n t  ac ross  ages for both SPR and Normal individuals .  Demonstra­
tion of the same l inear  improvement was a p p a re n t  in SPR E and C
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g ro u p s  with the SPR E g ro u p  performance cons is ten t ly  su p e r io r  to the 
SPR C g roup  performance.
T he  masking e f fec ts  tha t  o ccu r red  as  a re su l t  of collapsing SPR 
and Normal g roup  individuals  into only E and C g ro u p s  cancelled ou t  
s ignif icant  d i f fe rences  between E and C g ro u p s  th a t  had been  a p p a re n t  
in th e  g ro u p  x t rea tm en t  r e s u l t s .  Even though the r e su l t s  were not  
s ign if ican t ,  examination of Table 1 indicated  t h a t  a l inear  improvement 
in performance was p r e se n t  ac ross  ages  for both E and C g ro u p s  on 
var iab les  MT1, MT^. T R T ,  E^, an d  E^- T he  d is to r t ions  of DT d is ­
cussed  ear l ie r  were a p p a r e n t  on the  RpT and DT resu l ts  in F igure  33.
Hypotheses
In te rp re ta t ion  of the hypo theses  s ta ted  in Chapter  I is the  focus 
o f  this  sect ion .  Each hypo thes is  is d i scu ssed  separa te ly  in terms of 
su p p o r t in g  or n o n - su p p o r t in g  e f fe c t s .
Group Effects
The  predic t ion  of Hypothesis  One tha t  the performance of normal 
individuals  would be super io r  to th e  performance of the SPR individuals  
ac ross  ages  was completely s u p p o r t e d .  Performance of SPR and Normal 
individuals  in all d e p e n d e n t  var iab les  su b s ta n t ia ted  this  h y p o th es is .  
Age Differences
An increase  in performance  on all d e p e n d e n t  var iables  ac ross  ages  
was pred ic ted  in Hypothesis Two as  a r e su l t  of  maturational e f fec ts .
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Table 3 







RpT 797.33 612.40 580.53 835.47 660.27 541.67
DT 425.53 293.43 289.43 452.57 338.97 283.37
MT1 1922.40 948.40 800.93 1503.60 995.67 872.20
MT2 3058.60 1834.80 1123.60 2304.33 1544.47 1259.40
El .19 .04 .03 .04 .04 .01
E2 .44 .11 .10 .20 .06 .03





11E 15E“ 1 .... .
RpT 1628.80 1606.87 1804.20 1363.20 1334.60 1519.33
DT 545.10 583.35 901.60 379.00 523.45 713.53
MT1 9534.60 6078.47 5528.47 6024.73 5052.10 4066.67
M2 9954.13 8144.47 6924.20 7014.53 5957.20 5434.33
El 1.09 .83 .67 .87 .53 .34
E2 1.21 1.26 .97 .95 .71 .73
TRT 21117.53 15829.80 14256.87 14402.47 12343.80 11020.33
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This  predict ion was su p p o r ted  for  d ep en d e n t  var iab les  MT^, MT^, E^, 
E2> and  TR T.  RpT and  DT, however ,  did not su p p o r t  the  linear 
increase  ac ross  ages .  In terms of M T , MT2 , E1 , E2 , an d  TRT it 
ap p ea red  th a t  collapsing the  SPR and  Normal individuals  into the same 
g ro u p s  according to age had a masking effect  on re su l t s  in RpT and 
DT. This  hypo thes is  was su p p o r te d  by two var iab les  and  failed to be 
s u p p o r ted  by  two va r iab les ,  b u t  th is  must  be cons idered  in terms of 
the  masking ef fec ts  d e sc r ib e d .
Croup x Age Effects
Hypothesis  T h ree  p red ic ted  cons is ten t ly  su p e r io r  performance of 
older  SPR and Normal individuals  a s  compared to the  performance of 
y o u n g e r  SPR and Normal ind iv iduals .  D ependent  var iab les  MT^, MRT 
and E ^  clearly s u p p o r t  th is  hypothes is  for SPR individuals .  The 
d is to r t ion  of RpT re su l t s  by inaccura te ly  r e p re s e n te d  DT scores  for the 
SPR 7- and  11-year-o lds  seemed to indicate a l inear decrease  in p e r fo r ­
mance (msec increase)  ac ross  ages  r a t h e r  than  the expected  linear 
increase in performance (msec d e c r e a s e ) .  DT actual ly  r e p re se n ted  only 
reaction time for the  7- and 11-year-o ld  g ro u p s  of SPR individuals .  DT 
was actual ly  incorpora ted  into MT^, hence ,  elevated MT1 resu l ts  for 7- 
and  11-year-o ld  SPR individuals .  The  15-year-old  SPR individuals were 
co r rec t ly  util izing DT as  a p a r t  of RpT,  hence the i r  elevated RpT 
r e su l t s  bu t  lower MT1 an d  E1 r e s u l t s .  The  hypothes is  was not  sup­
po r ted  by the  15-year-old  SPR g roup  in d ep e n d e n t  variables  RpT and 
DT. The  hypothes is  was su p p o r ted  by  a definite  l inear  increase in 
performance noted across  a g e s . f o r  the  Normal individuals .
Hypothes is  Th i r teen  p red ic ted  an increase  in performance of SPR E 
and C g ro u p s  across  ages  with E g ro u p s  cons is tent ly  super io r  to C
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g ro u p s  in performance on . The predic t ion  th a t  5 -year-o ld  SPR E 
and C g ro u p s  would be the  same on MT^ did not apply  s ince 5-year-o ld  
SPR individuals  were d ro p p ed  from th e  s tu d y .  The linear improvement 
in performance on MT^ across  ages for SPR E was r e p re s e n te d  by  
means in. Appendix C; however  the g ro u p  x age  x t re a tm en t  interact ion 
which would have unques t ionab ly  su p p o r te d  this  hypo thes is  was not  
s ignif icant .  T h e re fo re ,  t h e  hypothes is  was no t  su p p o r ted  s ta t is t ica l ly .
The performance of SPR E and C g ro u p s  on MT^ was predic ted  not  
to be d i f fe ren t  b u t  to show minimal improvement  across  ages .  The 
re su l t s  of  g roup  x age in terac t ion  were not s ignif icant for MT^; th e re ­
fore  the hypothes is  was s u p p o r te d .  MT2 was identified as  dem onstra ­
ting linear improvement (decrease  in msec r eq u i red  to negotiate the  
movement in the task)  ac ross  ages .  In l igh t  of this  in te rp re ta t ion ,  the  
hypo thes is  was s u p p o r te d .
Group x Age x Trea tm ent  Effects
The  predic t ion th a t  the 7 -yea r-o ld  SPR E g roup  individuals would 
cons is ten t ly  demonstra te  a su p e r io r  performance in RpT than SPR C 
g ro u p  individuals  across  ages  was se t  forth  in Hypothes is  Six. The 
s ta t is t ical  analysis  failed to be s ignif icant  for this  in teract ion;  t h u s ,  
th i s  hypothes is  was no t  stat is t ica l ly  s u p p o r t e d .  Examination of the 
means in Appendix C indicated masking ef fec ts  of DT upon RpT r e s u l t ­
ing in an inaccurate  indication of RpT across  ages .
Hypothesis Ten p red ic ted  a l inear improvement ac ross  ages  for DT 
beginning with SPR 7 -y ea r -o ld s .  Additionally, su p e r io r  performance of 
the  SPR E g roup  as  compared to the  SPR C g roup  across  ages  was 
p re d ic ted .  Again, s ince the statistical ana lys is  for the g ro u p  x age  x 
t rea tment  interact ion failed to be s ign if ican t ,  the hypo thes is  was not 
g iven  statis tical  s u p p o r t  from th e  s tu d y .
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The SPR C g ro u p  individuals  were p red ic ted  to dem onstra te  only 
minimal improvement in MT1 and MT2 ac ross  ages  as  a re su l t  of the i r  
fa i lure to spontaneously  utilize rehearsal  s t r a t e g i e s .  Th is  hypothes is  
was also d e p e n d e n t  upon the  g ro u p  x age  x t rea tm en t  in teraction being 
s ignif icant  for i ts s u p p o r t .  T he  failure of the interact ion to be s ta t is t i ­
cally s ignif icant  resu l ted  in the failure of s ta t is t ica l  s u p p o r t  for th is  
hypo thes is .  However,  examination of the means in Appendix C indi­
ca ted  th a t ,  in fac t ,  a def in ite  l inear improvement for MT^ and MT2 
ac ross  ages  for SPR C g ro u p s  was a p p a re n t .  The  s ta n d a rd  deviation 
on MT.j for SPR C 7- ,  11-,  and  15-year-o lds  was 4012.87 msec. The 
mean s ta n d a rd  deviation for  MT2 SPR C 7- ,  11-, an d  15-year-o lds  was 
4524.40 msec. The null aspect  of the hypo thes is  was not stat is t ica l ly  
re jected s ince  the analys is  failed to be s ta t is t ical ly  s ignif icant .
Conclusions
The data ana lys is  of the  7- ,  11- ,  and  15-year-old  SPR and Normal 
individuals  cons ide red  th e  g ro u p s  to ge the r  for  the i r  performance on 
d e p e n d e n t  var iab les  (MRT, RpT,  DT, M T^ MT2, T R T ,  E1 and E2) of 
the  s tu d y .  Results  indicated t h a t  the same developmental a sp ec t s  of 
spon taneous  use of rehearsa l  s t r a teg ie s  p r e se n t  in Normal individuals 
a r e  also a p p a r e n t  across  ages  in SPR individuals .  Summary of  the  total 
analysis  identified consis ten t ly  by su p e r io r  performance of older SPR 
individuals  to y o u n g e r  SPR indiv iduals .  Addit ionally, SPR E g roup  
individuals  performed cons is ten t ly  super io r  to SPR C g roup  individuals .  
Age x t re a tm e n t  re su l t s  were not  totally c lea r  cu t  because  of masking 
effects  tha t  stemmed from collapsing both SPR and Normal individuals  
into the same E and  C g ro u p s .  In te rp re te d  in l ight  of MRT re su l t s ,  a 
l inear increase in performance across  ages for both E and C g ro u p s  was
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a p p a r e n t  and seemed to be an accura te  indication of t re nd  in the SPR 
g r o u p .  The  younger  SPR individuals  had a tendency  to incorporate  DT 
into MT^, r e su l t ing  in lower RpT scores  and increased  E1 and  scores  
for 7-  and  11-y ea r -o ld  SPR indiv iduals .  A s h a r p  c o n t ra s t  to the h igher  
RpT scores  and lower Ê  and  E^ sco res  for 15-year-o ld  SPR individuals .
The  most important  finding in th is  ana lys is  was the indication th a t  
SPR C g ro u p  individuals  do show improvement ac ross  ages  which is 
indicative of spon taneous  usage  of an information process ing  s t r a t e g y  
such  as r e h e a r s a l .  T h e re  has been no information in the  l i t e ra tu re  on 
reaction time across  ages for SPR ind iv iduals .  Additionally, it  was 
important  to dem onstra te  th a t  the SPR E g ro u p  individuals  did perform 
cons is ten t ly  super io r  to the SPR C g ro u p  individuals  which indicated 
th a t  SPR individuals  were capable of benef i t t ing  from tra in ing  in the 
use of  rehea rsa l  s t r a t e g i e s .  However,  the ag e - re la ted  increased use of 
spon taneous  rehearsa l  by th e  SPR g roup  was not  s u p p o r te d ;  i . e . ,  they  
were capable of  rehearsa l  when t ra ined  to do so b u t  did no t  use it 
spon taneous ly .  T h is  implies th a t  t ra in ing  p robab ly  will not t r a n s f e r  to 
o th e r  learning s ituat ions  b u t  will remain task  specific .
The  d i f fe rences  and similarit ies d iscovered  in this  c h a p te r  a re  
important for in te rp re ta t ion  of the analys is  in Chap te r  5. This is 
pa r t icu la r ly  t r u e  in reg a rd  to age d i f fe rences .
C h a p t e r  6
RESULTS AND DISCUSSION OF THE STUDY 
MATCHING 7-,  11-, AND 15-YEAR-OLD SPR INDIVIDUALS 
WITH 5- ,  7 - ,  AND 11-YEAR-OLD NORMAL INDIVIDUALS 
USING DEVELOPMENTAL LEVELS
T he  analys is  used  in th is  c h a p te r  was a g ro u p  x age  (D ev .)  x 
t rea tm en t  x block (2 x 3 x 2 x 5 )  completely randomized des ign  with 
repea ted  measures  on the  las t  fac tor .  The  des ign  is v i r tua l ly  th e  same 
as  the  des ign  for the  p reced ing  analys is  excep t  tha t  the ages  have  been 
r eg rouped  into developmental levels.  The  15-year-old  Normal indivi­
duals  have been left out  of this  an a ly s is ,  in o rd e r  to achieve a balanced 
a l te rna te  age match.  The  5 - ,  7 - ,  and  11-year-o ld  Normal individuals  
have been matched to t h e  7- ,  11-,  and  15-year-old  SPR individuals  
re spec t ive ly .  The  5 -yea r -o ld  Normals and the  7 -yea r-o ld  SPR indivi­
duals  have been matched in the  y o u n g es t  developmental level, Dev. 1. 
The 7-year-o ld  Normals and th e  11-year-o ld  SPR individuals  have been 
matched into th e  middle developmental level, Dev. 2. The  11 year  old 
Normals and th e  15-year-o ld  SPR indiv iduals  were matched into the 
o ldest  developmental level,  Dev. 3. The ra t ionale  behind  th is  a l te rna te  
match in ages  was the p rev ious ly  es tab l ished  fact  tha t  mentally r e t a rd e d  
individuals  co r respond  more closely to normal individuals  of the same 
mental age r a th e r  than the  same chronological age  (Ellis, 1970). Mental 
age information was not obtained on the  SPR individuals ,  b u t  up to a 
four  y ea r  lag in mental age  was allowed in th is  analys is .  S ignificant 
main effects  and in terac t ions  will be d iscussed  in te rms of su p por t ing  
ev idence .  Complete statistical tab les ,  means,  s ta n d a rd  deviat ions,  and  





The  g ro u p  main ef fect  MANOVA conta ining d e p en d e n t  var iab les
RpT, MT1 and MT2 was s ignif icant  £ (3 ,1 0 6 )  = 56.14. Followup
ANOVA's for d e p en d e n t  va r iab les  RpT,  MT1, and  MT2 were  also signif i­
ca n t ,  £ (1 ,4 3 2 )  = 110.62, 149.48, 119.06. T he  MANOVA containing
d e p e n d e n t  va r iab les  E1 and  E2 was s ign if ican t ,  £ (2 ,107)  = 29 .22.
Follow-ups were s ignif icant  for both E1 and £ (1 ,4 3 2 )  = 39.65,
53.04. A s ignif icant  g ro u p  main ef fect  was expec ted  for  th is  analys is  
as  i t  was for the  previous  ana lys is .  SPR individuals  were expec ted  to 
dem onstra te  performances ,  on all of the d e p e n d e n t  va r iab le s ,  in fe r io r  to 
the  performances  of the Normal ind iv iduals .  The in d ependen t  ANOVA's 
for DT and  TRT were also s ignif icant ,  £ (1 ,432)  = 5 .64 ,  153.27. The 
SPR g roup  DT and TRT were much slower, 200 msec and  1100 msec 
re spec t ive ly ,  th an  DT and  TRT for the  Normal individuals  (see F igures  
37, 38, 39, and 40) .
Age (Developmental Level) Differences
The  main ef fect  of age was co n s is te n t  a l though the ages  were 
a l te rna te ly  matched and may be more accu ra te ly  r e f e r r e d  to as Develop­
mental Levels 1, 2, and  3. The  MANOVA conta ining d ep en d e n t  v a r i ­
ables  RpT,  MT^, and MT2 was s ignif icant ,  £ (6 ,2 1 2 )  = 9.55.  Followup 
ANOVA's were only s ignif icant  for MT^ and  MT2 , £ (2 ,432)  = 24.57,  
7.77.  Another  MANOVA containing d e p e n d e n t  var iab les  E  ̂ and E2 was 
also s ignif icant ,  £ (4 ,214)  = 16.22. Followup ANOVA's were s ignif icant  
for both E1 and E2, £ (2 ,4 3 2 )  = 36.28, 16.05, The in d ependen t  ANOVA 
for  TRT was s ignif icant ,  £ (2 ,432)  = 14.41 . In te rp re ta t io n  of these  
re su l t s  indicated tha t  a l inear improvement ac ro ss  developmental levels
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FIGURE 37. PERFORMANCE DIFFERENCES BETMEEN
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FIGURE 38. PERFORMANCE DIFFERENCES BETWEEN
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FIGURE 39. PERFORMANCE DIFFERENCES BETWEEN
SPR AND NORMAL GROUPS ON El ANO E2
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FIGURE 40. PERFORMANCE DIFFERENCES BETHEEN
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with a d ec rease  in e r ro r s  ex is ted  ( see  F igures  41, 42, 43, and  44). 
The RpT and  DT r e su l t s  were not s ign i f ican t ,  bu t  examination of the  
means for each var iable  (See Appendix  D) indicated t h a t  a d is to r t ion  of 
RpT by  inaccura te ly  r e p re s e n te d  DT scores  being added  in had 
o c c u r r e d .  T h e  y o u n g e r  Developmental Level indiv iduals  in th is  analysis  
were the same individuals  who incorpora ted  DT into MT1 in the  prev ious  
ana lys is .  This  s ituation resu l ted  in dec reased  RpT scores  and e levated 
MT1 sc o re s .  The  decreased  RpT sco res  made th e  you n g e r  g roup  indivi­
dua ls  ap p e a r  super io r  in performance  to the older  individuals  who 
incorpora ted  DT into RpT as  it should  have  been (see F igure  41) .  The 
o ccu r re n c e  of this  m is represen ta t ion  of sco res  r e n d e re d  RpT and DT 
not  s ignif icant  in the ana lys is .
Group x Development Effects
Both MANOVA's performed were s ignif icant  for the g ro u p  x deve­
lopment in terac t ion ,  £ (6 ,2 1 2 )  = 3.35,  3.13 respec t ive ly .  Followup
ANOVA's were s ignif icant for d e p e n d e n t  var iab les  RpT,  E1 and 
£ (2 ,4 3 2 )  = 5.92, 3.55,  5 .36 .  The ind ep en d en t  ANOVA for DT was the  
only s ignif icant  independen t  ANOVA, £ (2 ,432)  = 7 .92 .  Examination of 
the  re su l t s  p re se n ted  here  indicated tha t  the  RpT and  DT scores for 
th e  SPR g ro u p  were d i s to r ted  again  (see  F igure  45).  An extremely  low 
DT mean (lower than the  Normal Developmental Level 1 g roup)  was 
a p p a r e n t  for the  SPR g ro u p  a t  Developmental Level 1. ( see  Figure  
45B).  A DT mean lower for SPR than  Normals was highly suspic ious  in 
light of MRT scores  for bo th  g r o u p s .  An increase  in DT for the SPR 
g ro u p  from Developmental Level 1 to Developmental Level 3 was ev iden t .  
In s h a rp  c o n t r a s t  was the  d ec rease  in DT scores  for Normal individuals
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FIGURE 42. PERFORMANCE DIFFERENCES ACROSS

























1 2 DEVELOPMENTAL LEVEL(A)
1 2 DEVELOPMENTAL LEVEL(B)
"i3
Oram »v tCI Cm m U t Ki <n  D raftir* l u i i
115
FIGURE 43. PERFORMANCE DIFFERENCES ACROSS
DEVELOPMENTAL LEVELS FOR El AND E2
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FIGURE 44. PERFORMANCE DIFFERENCES ACROSS
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FIGURE 45. PERFORMANCE DIFFERENCES BETMEEN
SPR ANO NORMAL GROUPS ACROSS
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from Developmental Level 1 to Developmental level 3. The  SPR DT 
scores ,  when combined with the  MRT scores  to yield RpT sco res ,  d is ­
to r ted  th e  Developmental Level 1 RpT sco res .  The  lowering of  the RpT 
scores  for Developmental Levels 1 and  2 re su l ted  in the SPR Develop­
mental Level 3 indiv iduals  appear ing  to have a RpT slower than th a t  of 
the SPR Developmental Level 1 and  2 indiv iduals .  Examination of e r r o r  
for the SPR g ro u p  indicated  more e r r o r s  o ccu r red  a t  Developmental 
Levels 1 and  2 than o ccu r red  a t  Development Level 3 (see Figure  46) .  
In l ight  of the increased e r r o r  for the  Developmental Levels 1 and  2, it 
a p p ea red  tha t  the  younger  indiv iduals  combined actual DT into MT1 , as  
was a p p a re n t  in the  p rev ious  analys is .  The  Normal individuals  demon­
s t r a t e d  the expected  linear decrease  in RpT and DT across  Develop­
mental Levels with a d e c rea se  in e r r o r s  across  ages  also r e p re s e n te d .  
S h a rp  dec reases  in e r r o r  were noted from Developmental Level 1 indivi­
duals  to Developmental Level 2 individuals— which was a possible indica­
tion of  more accu ra te  usage  of  rehearsa l  beginning a t  Developmental 
Level 2.
T rea tm en t  Effects
The  MANOVA re su l t s  with d e p e n d e n t  var iab les  RpT,  MT^, MT^ for 
the t rea tm en t  main effect  were s ignif icant ,  £ (3 ,106)  = 5.87.  The o th e r  
MANOVA contain ing d e p en d e n t  var iab les  Ê  and  E^ was also s ignif icant ,  
£ (2 ,1 0 7 )  = 10.27. The followup ANOVA's were signif icant  for d e p e n ­
d e n t  va r iab les  RpT, MT , MT , E1, and  Er  £ (1 ,432)  = 6 .78 ,  17.77, 
12.34, 17.58, 15.40. In d ependen t  ANOVA resu l t s  were only s ignf ican t  
for TRT,  £(1 ,432) = 16.30.  An overview of  the analys is  indicated th a t  
the performance of the E g roup  individuals  was cons is tent ly  super io r  to 
the  performance of the C g roup  individuals  (see Figures  47, 48, 49 and  
50).
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FIGURE 46. PERFORMANCE DIFFERENCES BETWEEN
SPR ANO NORMAL GROUPS ACROSS DEVELOPMENTALLEVELS FOR El ANO E2
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FIGURE 47. DIFFERENCES IN PERFORMANCES
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FIGURE 48. DIFFERENCES IN PERFORMANCES
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FIGURE 49. DIFFERENCES IN PERFORMANCES BETHEEN
E ANO C GROUPS ON El ANO E2
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Although the  DT ind ep en d en t  ANOVA re su l t s  were not  s ignif icant ,  
examination of th e  means (See Appendix  D) indicated tha t  the  E g r o u p  
DT was lower than  the  C g ro u p  DT by  approximate ly  106 msec (see 
F igure  47B). In te rp re ta t ion  of the re su l t s  indicated th a t  t ra in ing  in 
rehearsa l  s t r a t e g ie s  had s ign if ican t  e f fec ts  on performance across  d e v e ­
lopmental levels.
Development x T rea tm en t  Effects
Significant  MANOVA re su l t s  were obtained for  the development x 
t rea tm en t  in terac t ion ,  £ (6 ,2 1 2 )  = 2 .19 .  Only the  followup ANOVA for 
MTj was s ignif icant ,  £ (2 ,432)  = 14.15.  Nei ther  of the independen t  
ANOVA's (DT, TRT) were s ign i f ican t .  Examination of the  MT^ re su l t s  
indicated cons is ten t ly  s u p e r io r  performance by E g roup  individuals  
ac ross  the th re e  Developmental Levels with a l inear d e c rea se ,  in msec, 
from Developmental Level 1 to Developmental Level 3 (see Figure  51).  
The same linear d e c rea se ,  in msec, was noted for the  C g roup  indivi­
dua ls  from Developmental Level 1 to Developmental Level 3. Follow-up 
Newman-Keuls t e s t s  identified the  only s ignif icant  d if fe rence  between 
the  E and C g ro u p s  to be located a t  Developmental level 1. No signifi­
c a n t  d i f fe rences  were identified between Developmental Levels within th e  
E g r o u p .  A s ignif icant  d i f fe rence  was identified between Developmental 
Level 1 and 2 C g roup  indiv iduals .
Development x Trea tm ent  x Block Effects
The  MANOVA re su l t s  were not s ignif icant for the  development x 
t rea tm en t  x block in te rac t ion .  The  only s ignif icant  re su l t  was the 
independen t  ANOVA for DT, £ (8 ,4 3 2 )  = 2.23.  In te rpre ta t ion  of th e  
r e su l t s  of this  th ree -w ay  in terac t ion  were tenuous since no cons is ten t
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l inear dec rease s  in msec ac ross  development or  by  block o r  t rea tment  
was a p p a r e n t  (see F igure  1, Appendix  D).  Overall ,  no un ique  t r e n d s  
were  a p p a re n t  in the  p lotted  r e su l t s .
Group x Development x T re a tm en t  x Block Effects
The  MANOVA was s ignif icant  for th is  four-way in te rac t ion ,  
£ (16 ,862)  = 1 .95. The only s ignif icant  followup ANOVA was the  ANOVA 
for E^/ F(8,432) = 2 .21 .  None of the  independen t  ANOVA's was signifi­
c a n t .  No unique t r e n d s  were recognized  in th e  plotted r e su l t s  (see 
F igures  2 and  3, Appendix D).  T h e re fo re ,  an  in te rp re ta t ion  of the 
re su l t s  would have been merely specu la t ion .
Discussion
Group Effects
T h e  re su l t s  of the analys is  c lear ly  indicated  t h a t  the performance 
of the  Normal individuals  was su p e r io r  to t h a t  of the  SPR individuals  
for each of the d e p e n d e n t  v a r iab le s ,  RpT,  MRT, MT1 , MT2 , E1 , E2 , 
DT, and T R T .  Of extreme importance to the validity  of the s tu d y  was 
t h a t  th is  effect  tu rn ed  out  s ignif icant  in all an a ly ses .  The  general  
r e su l t s  of this  ana lys is ,  on g ro u p  ef fec t ,  were the same as the re su l t s  
of the  previous  analys is .  T h e  performance  of the Normal g roup  indivi­
duals  was cons is ten t ly  su p e r io r  to the  performance of the SPR g roup  
individuals .
Age (Developmental) Differences
T h e  analys is  of the  age main effect  indicated th a t  r e su l t s  were 
s ignif icant for all d e p e n d e n t  var iables  excep t  RpT and DT. These  
r e su l t s  were the same as the re su l t s  of the age main effect  r e su l t s  in 
the anays is  without  5 -yea r -o lds  (p rev ious  an a ly s is ) .  The RpT and  DT 
sco res  were h igher  for  the  Developmental Level 3 individuals  than  they  
were for the  Developmental Level 1 and  2 indiv iduals .  The h igher  RpT
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and DT scores  occur red  as  a masking ef fec t  of combined MRT scores  
and  DT scores  when the  DT scores  were not r ep re sen ta t iv e  of t r u e  DT 
b u t  reaction time, i t  was important  to the meaning of the in te rp re ta t ion  
of these  re su l t s  to cons ide r  the  t r e n d  of s c o res ,  across  the  Develop­
mental Levels,  of MT^, MT^, E^, an d  E^. A linear  increase  in p e r fo r ­
mance was noted for d e p e n d e n t  va r iab les  MT^ and MT^ with d ec rease  
in bo th  e r ro r  sco res .  In l igh t  of the l a t t e r  information it was ap p a re n t  
t h a t  the  younger  Developmental Level was no t  util izing any DT d u r in g  
th e  RpT interval;  instead they  were combining DT into MT1 .
Group x Development Effects
The  d is to r ted  DT sco res  for Developmental Level 1 SPR individuals  
were a p p a re n t  in Fig. 18. The  SPR Developmental Level 1 individuals  
dem onstra ted  f a s te r  DT than  the  Normal Developmental Level 1 indivi­
d u a l s .  These resu l t s  were highly su g g es t iv e  of an e r roneous  r e p r e s e n ­
tat ion of performance.  T h e  MRT sco res  of younger  individuals were not 
super io r  to the  MRT scores  of  older  ind iv iduals ,  and DT was the  d i f fe r ­
ence between RpT and MRT. T h e  r e su l t s  of performance on the  o ther  
var iab les  were not suppor t ive  of  lower DT and RpT scores be ing accu­
r a t e .  The  Ê  and E^ r e s u l t s  were h igher  for  the Developmental Level 1 
individuals  and  showed a linear d ec rease  across  Developmental Levels 2 
and  3. The  e r r o r  dec rease  across  the  Developmental Levels was expec­
t e d .  In light of the  the  re su l t s  a p p a r e n t  on the  o the r  d e p en d e n t  
va r iab les ,  th e  d is tor t ion ef fec ts  of DT and RpT were i n t e rp re te d .  
Trea tm ent  Effects
Important  to the s tu d y  was the s ignif icant  t rea tment  main effect .  
In te rp re ta t ion  of the r e su l t s  were completed while keeping in mind th a t
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both the  SPR E and C g ro u p s  as  well as  the Normal E and C g roup  
individuals  were collapsed into only two g r o u p s ,  E and C. The analys is  
of the  s tu d y  t h a t  cons idered  only t h e  Normal individuals  indicated th a t  
the  E g roup  individuals performed cons is ten t ly  su p e r io r  to the  C g r o u p  
ind iv iduals .  T h e  same re su l t s  were repor ted  in the  prev ious  analys is .  
This  analys is  co n cu r re d  with the  previous  two ana lyses  of the t rea tm en t  
main e f fec ts .  The  collapsed ages  or  Developmental Levels into this  
e f fec t  made a difference in the  a p p a re n t  su p e r io r  performance of the  E 
g ro u p  indiv iduals .  In l igh t  of the previous  ana lyses ,  t h e  t rea tment  
impacted most on the SPR g roup  individuals ,  bu t  th e  most s ignif icant  
impact on Normal individuals  occur red  a t  the 5 -y ea r -o ld  level.  It  was 
these  s ign if ican t  d if ferences  t h a t ,  taken a l to g e th e r ,  r e su l ted  in a s ign i­
f icant  t rea tment  main effect .
Group x Trea tment  Effects
T h e  g ro u p  x t re a tm e n t  in teract ion re su l t s  were not s ignif icant  in 
this  ana lys is .  In the analys is  without 5 -y e a r -o ld s ,  th e  g ro u p  x t r e a t ­
ment in teract ion was s ignif icant  for d ep en d e n t  va r iab les  RpT,  MT1 , 
^ 2 '  S '  anC* Examination of th e  means (Appendix  D) indicated
t h a t  the  Normal E g ro u p  performance was cons is ten t ly  su p e r io r  to the 
Normal C g roup  and SPR E and C g roup  perform ance .  Additionally, 
the  SPR E g ro u p  performance was cons is ten t ly  su p e r io r  to the SPR C 
g ro u p  performance for all d e p e n d e n t  variables  (see Table  2 ) .  I n t e rp r e ­
tat ion of these  non-s ignif icant  re su l t s  indicated t h a t  the Developmental 
Levels were closer toge the r  in performance for th e  d e p e n d e n t  var iables  
than  were  the chronologically matched age g r o u p s .
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Table 4 
Group x T rea tm en t
NC NE RC RE
RpT 868.31 789.00 1679.96 1405.71
DT 489.62 415.83 676.68 538.66
MT1 2422.82 1659.80 7047.18 5047.80
MT2 3000.51 2228.36 8340.93 6135.36
E1 .45 .20 .86 .58
E2 .55 .31 1.14 .80
TRT 6291.64 4677.16 17068.07 12588.87
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Development x T rea tm en t  Effects
In c o n t r a s t  to the p rev ious  analys is  (without 5 -yea r -o lds)  which 
resu l ted  in no s ignif icant  outcomes for th is  in terac t ion ,  the  p r e s e n t  
ana lys is  was s ignif icant  for d e p e n d e n t  var iable  MT1 . In te rp re ta t io n  of 
the  plot ted re su l t s  (See Fig. 20) indicated tha t  the only s ignif icant  
d i f fe rences  between E and C g ro u p s  were between the E g roup  and C 
g ro u p  a t  Developmental Level 1. The only s ignif icant  d i f ference  within 
g ro u p s  was identified a s  ex is t ing  between Developmental Level 1 and  
Developmental Level 2 of th e  C g r o u p .  In the previous  analys is  (see 
F igure  14) the re su l t s  were not s ignif icant  bu t  were plot ted for  p u r ­
poses  of  d iscuss ion .  In the  plotted r e su l t  of this  ana lys is ,  (see Figure 
20) E g ro u p  individual per fo rm ances  were cons is tent ly  super io r  to those 
of the  C g ro u p  indiv iduals .  Additional ly , a l inear improvement across  
Developmental Levels was a p p a r e n t  for both E and C g r o u p s .  The  
Developmental Level 1 individuals  in the  E g roup  were s ignif icantly  
su p e r io r  to the C g roup  individuals  a t  tha t  same Developmental Level.  
Compared to the  plotted r e su l t s  of the  previous  ana lys is ,  the E and C 
g ro u p s  appeared  to be c loser  togethei— which seemed to indicate tha t  
the a l te rna ted  age  matching could have resu l ted  in more similarit ies of 
performance between SPR and  Normal indiv iduals .
Hypotheses
All of the h y p o th e se s  d es igned  for the  s tu d y  have been d iscussed  
in the  previous  two ana lyses ,  a l though  evidence to f u r t h e r  su b s tan t ia te  
many of the hypo theses  was p roduced  in this  ana lys is .  However, 
because  specific hyp o th ese s  concerned  with a l te rna te  age matching were 
not  deve loped ,  they will not be d iscussed  h e r e .  Ins tead ,  important  
f indings  will be covered .
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Important  Findings
The a l te rna te  age  matching ana lys is  was of special in te re s t  because  
of the known lag in mental competence between SPR and Normal indivi­
du a ls .  To determine if performance of 7 -year-o ld  SPR individuals  was 
closer  to t h a t  of 5 -yea r -o ld  Normal r a t h e r  than  7 -yea r-o ld  Normal indivi­
du a ls ,  the  a l te rna te  age  matching analys is  was conduc ted .
The  most  importan t finding was th a t  the performance of the E and 
C g ro u p s  a p p ea red  to be much closer  than  the  performance of the E 
and  C g ro u p s  in the  chronological age  match ana lys is .  The  Develop­
mental Level 1 individuals  in SPR and  Normal g ro u p s  were not s ignif i­
can t ly  d i f f e re n t  in th e i r  e r r o r  s c o re s .  T hese  re su l t s  indicated a sha rp  
co n t r a s t  to the  chronological age  match in which SPR and Normal indivi­
dual d i f ferences  in e r r o r  were highly s ign if ican t .  The  performance of 
the  E g roup  individuals  was cons is ten t ly  su p e r io r  to th a t  of the C 
g ro u p ,  b u t  the  d i f fe rences  were not as  g r e a t  between the  two. Addi­
tionally, l inear improvements  in performance  were noted across  Develop­
mental Levels.
Conclusions
The speculation beh ind  the  last ana lys is  was tha t  the  SPR indivi­
duals  of 7, 11, and  15 y e a r s  would p robab ly  perform closer  to the level 
of Normal individuals  who were a t  the  age level below them chronologi­
cally .  T h e re fo re ,  t h e  7 - ,  11-,  an d  15-year-o ld  SPR age g ro u p s  were 
matched with th e  5- ,  7 - ,  and  11-year-o ld  Normal age g ro u p s  r espec t ive ­
ly. T he  re su l t s  indicated t h a t  the same main effects  for Group,  Age, 
and T rea tm en t  were s ignif icant  for both the  chronological age  match 
ana lys is  and th e  Developmental Level ana lys is .  The  interact ions  
re su l ted  in formerly s ign if ican t  d i f fe rences  between g r o u p s  not being
signif icant ly  d i f f e r e n t .  Hence, th e  conclusion t h a t  by a l te rna te ly  
matching the  SPR and  Normal individuals  b y  chronological ages  a level 
a p a r t ,  performances  of the  SPR g ro u p  would more closely approximate  
tha t  of the  Normal g ro u p  a p p e a red  to be s u p p o r t e d .
C h a p t e r  7
SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS
Summary
The cons is tent ly  su p e r io r  performance of the  Normal individuals  
over  the  SPR individuals for all d e p e n d e n t  var iab les  was obvious .  The  
dif ference  between SPR and  Normals has  been explained prev ious ly  only 
in terms of s t ruc tu ra l  d i f fe rences  in the  central  ne rvous  system (CNS) 
(Zigler ,  1966). Ellis (1970) was an ea r ly  r e s e a r c h e r  who invest iga ted  
w he the r  d i fferences  in funct ion ing  between re ta rd e d  and  normal indivi­
duals  could be a t t r ib u te d  to inadequate  s t r a t e g y  usage  r a th e r  than  
s t ru c tu r a l  limitations. Ineff ic ient  u s e  of rehearsa l  s t r a t e g ie s  as a cause  
of information processing d i ffe rences  between SPR and Normal indivi­
duals  was the focus of this  r e s e a r c h .
Before a comparison be tween SPR and Normal individuals  could be 
made, cer ta in  information was n e c e s s a r y .  The performance of  normal 
individuals  across  ages  with r e g a rd  to the developmental n a tu r e  of 
information processing s t r a t eg ie s  such as  rehearsa l  had to be e s ta b ­
l ished.  As opposed to SPR information p rocess ing  capacities ,  t h e  same 
area concerning Normal individuals  has been well r e se a rch e d .  Differ­
ences  ex is t  between older  and y o u n g e r  ch i ldren  as well a s  between 
children and adul ts  in information process ing  ef fic iency.  The f i r s t  
ana lys is  of this  s tudy  was conce rned  with the developmental d if ferences  
in the use of rehearsal  s t r a t e g ie s  of Normal individuals ac ross  4 ages :  
5 - ,  7 - ,  11-,  and 15 -yea rs .  T h e  re su l t s  of the analysis  clearly  indi­
cated  tha t  the older individuals '  performances  were super io r  to the  
you n g e r  individuals .  The  perform ance  d i f fe rences  between older  and 
younger  individuals has been a t t r i b u t e d  to older individuals being able ,
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as  a r e su l t  of efficient s t r a t e g y  select ion and use ,  to p rocess  the same 
amount of information in a s h o r t e r  amount of time. Additionally, older  
individuals  a re  capable of p rocess ing  increased  amounts  of information 
within the  same time per iod (Chi,  1976; Gallagher  & Thomas,  1980; 
Hagen, 1972).
One of the basic h y p o th e se s  a t  the  beg inn ing  of the re sea rch  was 
th a t  individuals  in the Normal g ro u p  would demonstra te  improvement in 
performance across  ages  on any  g iven  variable  tha t  was m easured .  
This  idea was val idated by the  r e s e a r c h .  The Normal individuals  
showed def inite  improvement in perform ance  across  ages .
T he  5-year-old  indiv iduals  were found not to util ize rehearsal  
s t r a t e g ie s  spontaneously .  However ,  t h e  5 -yea r -o lds  a re  capable of 
us ing  a rehearsal  s t r a t e g y  if they  a re  t a u g h t  to do so. Spontaneous 
rehea rsa l  begins to occur  a t  approximate ly  age 7. It was the lack of. 
spon taneous  rehearsal  t h a t  accoun ted  for the s ignif icant  d if ference  
between the  5 -year-o ld  E and C g ro u p s  in Chap te r  3. T he  beginning  
of spontaneous  rehea rsa l  accoun ts  for the non-s ign if ican t  d if ference  
be tween the  7 -year-o ld  E and C g r o u p s .  Flavell e t  al. (1966) in the i r  
r e s e a r c h ,  observed  th a t  th e  likelihood of an individual spontaneously  
r e h ea rs in g  increased with age .  in ves t iga t ing  ch i ld ren 's  mnemonic 
s t r a t e g ie s ,  Flavell (1970) explained the  d i f ference  between production 
and  mediational defic iencies.  Production deficiencies  were def ined as  
the failure of the individual to be able to produce  a s t r a t e g y ,  whereas 
mediational deficiencies were the fa i lure to use a s t r a teg y  t h a t  could be 
p ro d u ced .  Flavell hypothes ized  t h a t  mediators  would function a p p ro p r i ­
a tely  if  individuals were prompted to use  them. The fact th a t  young 
ch i ld ren  (5- and 6 -yea rs )  who were in s t ru c te d  to use rehearsa l  s t r a t e ­
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gies  improved in perfo rm ance ,  indicated the  ex is tence  of mediational 
r a th e r  than  product ion  def ic iencies .  Improved performance of the  
5 -year-o ld  Normal E g ro u p  individuals  in th is  s tu d y  s u p p o r ted  Flavell's 
hypo thes is  t h a t  young ch i ld ren  simply do not spon taneous ly  g en e ra te  
mediators such  as  rehea rsa l  s t r a t e g ie s  bu t  tha t ,  once they  a r e  in s t ru c ­
ted to do so,  th ey  -utilize them c o r re c t ly .  Hence, the  absence  of spon­
taneous  rehearsa l  in young  chi ldren  may be a t t r ib u ted  to mediational 
deficiencies r a th e r  than  product ion  def ic iencies .
T he  SPR individuals  also demonstra ted  improvement  in performance 
across  ages  yielding information th a t  was not p rev ious ly  available in 
th i s  populat ion.  The  fac t  t h a t  the  SPR C g roup  individuals  showed 
improvement across  ages  was indicative of a t  least the  p resence  of some 
development of the neurom uscular  systems across  ages .  Since the SPR 
E and C g roup  indiv iduals  did n<5t closely approximate  each o the r  in 
performance a t  the  11- and 15-year-o ld  a g es ,  t h e  cons is ten t  use  of 
spon taneous  rehea rsa l  s t r a t e g i e s  was no t  d em ons t ra ted .  The SPR E 
g ro u p  individuals  showed g r e a t e r  improvement in performance as  well a s  
being cons is ten t ly  su p e r io r  to tha t  of the  SPR C g roup  individuals .  
The  E g ro u p  su p e r io r  perform ance  indicated t h a t  the SPR individuals  
were capable of being t a u g h t  to use a rehearsa l  s t r a t e g y .  Despite th e i r  
capabil i ty  to learn  a s t r a t e g y ,  an  absence  of spontaneous  rehearsal  
ex is ted  in the  5 -year-o ld  SPR ch i ld ren  ju s t  as  it  did in the  5 -year-o ld  
Normal ch i ld ren .  T h u s  fa r ,  t h e  ages  7 - ,  11-,  and  15-year  SPR indivi­
duals  show an abil i ty to improve serial motor performance when use of a 
rehearsa l  s t r a t e g y  by them is induced .  However,  no clearly e s tab l ished  
point ex is ts  to indicate the  spon taneous  use of th is  s t r a t e g y  since  by 
age 15 th e  E and C g ro u p s  for SPR individuals  a re  still signif icantly
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d i f f e ren t .  Th is  comparison is in co n t r a s t  to the Normal individuals  
where the E and C g ro u p s  a re  s ignif icantly  d i f fe ren t  a t  5 years  bu t  a re  
no longer  s ignif icantly  d i f f e r e n t  by 7 y ea r s  of age .
Since SPR and Normal individuals  of the  same chronological age  do 
no t  have the same mental ag e ,  an  a l te rna te  age match was conducted  to 
see if the  performance gap  between the two g ro u p s  would be red u ce d .  
The  g ap  was reduced  and  in some ins tances  (g roup  x t re a tm en t  in te r ­
action) s ignif icant  d i f fe rences  were eliminated. This  indicated th a t  the  
7 -year-o ld  SPR individuals  were more comparable in performance  to 
5 -year-o ld  Normal individuals  than  to 7 -year-o ld  and  11-y ea r -o ld  Normal 
individuals  re spec t ive ly .  In some ins tances ,  SPR 11- and 15-year-o ld  
individuals  were closer in performance to the  Normal 5 -y ea r -o ld s  r a th e r  
than  the  11- or  15 -year -o lds .  Th is  su g g es ted  th a t  some of the 15-yea r -  
olds were as  much as  10 y e a r s  behind developmentally.
Conclusions
The d ifferences  between SPR and Normal chi ldren in information 
p rocess ing  efficiency may be a t t r i b u t e d ,  a t  leas t  par t ia l ly ,  to the use of 
rehearsa l  s t r a t e g ie s .  Rehearsal  s t r a te g ie s  begin to occur  spontaneously  
in Normal individuals  a t  approximate ly  age 7, and  b y  age  11, those  
rehearsa l  s t r a teg ie s  a re  eff ic ient .  Younger  Normal individuals  ( i . e .  
5 -yea r-o lds)  do not spon taneous ly  r e h e a r s e .  However,  5 -year-o ld  
individuals  a re  capable  o f  us ing rehearsa l  s t r a teg ie s  if t a u g h t  and 
continual ly  cued to do so.
Normal 5 -year-o lds  dem ons t ra ted  a mean reaction time (MRT) which 
was th ree  times fas te r  (in msec) than the  MRT of the  7 -year-o ld  SPR 
g ro u p .  In the performance of motor ta sk s  a f a s te r  react ion time 
increases  the chances  of improved performance in younger  chi ldren even
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though  information p rocess ing  s t r a t e g i e s  a re  not spontaneously  u s e d .  A 
slower reaction time often r e su l t s  in the en t i re  response  interval being 
gone before  any a t tem pt  is made to respond  to the initial s timulus .  
SPR individuals  appear  to dem ons t ra te  some developmental t r e n d s  in 
memory and  neuromuscular  funct ioning  as  evidenced by  a l inear  improve­
ment in performance ac ross  ages ;  how ever ,  th is  improvement was to a 
much l e sse r  d eg ree  than the improvement in performance of the Normal 
individuals  of the  same chronological age .  Cross  matching ages  of SPR 
and  Normal individuals  indicated t h a t  the performance of SPR indivi­
dua ls  was more co n s is ten t  with th e  performance of Normal individuals  a t  
a y o u n g e r  age level th an  with the Normal individuals  of  the same 
chronological age .  It may be concluded  tha t  funct ioning age  level 
r a t h e r  than chronological age  level is a more important  considera t ion  in 
a s se s s in g  information process ing  effic iency of SPR individuals .  As a 
r e s u l t  of this  lag in intellectual development for the SPR g ro u p ,  they  
a re  a t  a funct ioning level comparable to Normal 5- o r  7 -y ea r -o ld s ,  so 
they  do not  spontaneously  r e h e a r s e .  T h e re fo re ,  th e  p a r t icu la r  env iron­
ment must be s t r u c t u r e d  to induce reh ea rsa l  if a skill is to be lea rned .  
Since 5 -yea r-o ld  Normal individuals  do not know when to apply r e h e a r ­
sal s t r a t e g i e s ,  they  must be cued  to do so .  The re  is reason to believe 
(Ellis,  1970), d u e  to slower intellectual development,  t h a t  11-year-old  
and  possibly 15-year-old SPR individuals  need the same ass is tance  to 
facili tate active r eh ea rsa l .  The  serial organizat ion of stimuli in the 
env ironment  must also be accomplished ex te rna l ly  since SPR individuals ,  
as  well a s  younger  Normal ind iv iduals ,  a r e  not capable of u n d e r s t a n d in g  
and in te rp re t in g  such feedback from the  env ironm ent .  This  would be 
especially trufe of the  amount  of information an individual must serially
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a r r a n g e  in o rd e r  to execu te  and control a c o r re c t  movement.  Older  
Normal ch i ld ren  (11 y e a r s  on) a r e  capable  of spon taneous ly  co r rec t in g  
movements as  they  r e h e a r s e ,  b u t  y o u n g e r  Normal ch i ld ren  and even 
15-year-o ld  SPR individuals  a re  unable  to make these  spon taneous  
co r rec t ions .
Without organized and  spo n tan e o u s  rehearsa l  s t r a t e g ie s ,  information 
will be s to red  episodica lly  r a t h e r  than  semantically in memory; a n d ,  as 
a r e su l t ,  general ized learn ing  ( t r a n s f e r  of information to o th e r  a reas)  
will not occui— only ta sk  specific learning will be accomplished. Effec­
t ive rehearsa l  r e q u i re s  time, a l th o u g h ,  a s  mentioned p rev io u s ly ,  the  
amount of time req u i red  to p rocess  the same amount of  material shows a 
linear dec rease  ac ross  a g e s .  T h e re f o re ,  t h e  y o u n g e r  the  individual the  
more time th a t  must  be allowed following the  p resen ta t ion  of  new infor­
mation in o rd e r  for eff ic ient  rehearsa l  to o c c u r .  The  same would be 
t r u e  for older SPR individuals  (11- and  15-year-o lds)  who resemble 
5 -yea r-o ld  Normal individuals  in pe r fo rm ance .  However,  ju s t  increased 
time is not suff ic ien t ,  an a p p ro p r i a t e  s t r a t e g y  must be induced a t  the 
co r re c t  time.
A goal in education is to increase  the  knowledge base  in long-term 
memory within ind iv iduals .  It follows then  th a t  learning s i tua t ions  and  
environments  must  be s t r u c t u r e d  to facili tate s t r a t eg ie s  such as  r e h e a r ­
sal tha t  a s s i s t  in the t r a n s f e r  of information from sh o r t - te rm  memory to 
long-term memory. In s t ru c t io n  m ust  be based  on how individuals  lea rn ,  
as  well as how d i f f e r e n t  learn ing  p ro cesses  change  developmentally 
ac ro ss  ages .
Th is  r e sea rch  has pointed out  d i f fe ren ces  in performance as a t t r i ­
b u ted  to rehearsa l  between older  and  younger  individuals  as  well as
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between SPR Normal individuals  ac ross  a g es .  T he  conclusions which 
were d raw n  with implications for in s t ruc t ion  may be summarized as  
fol lows:
1 . Younger  Normal ch i ld ren  and SPR individuals  do not r e h e a rs e  
information spon taneous ly .  T h e re fo re ,  induced rehearsa l  s i tua t ions  
must  be developed in the  learn ing  environment  to facilitate maximum 
learning for these  individuals .
2 . I n s t r u c to r s  m us t  sequent ia l ly  o rgan ize  information t h a t  is to 
be learned and offer  feedback  for correc t ion  of  re sp o n se s .  Young 
c h i ld re n ,  an d  especially SPR indiv iduals ,  a r e  not capable of making 
spon taneous  cor rec t ions  in performance  as  a r e su l t  of environmenta l  
c u e s .
3. Efficient rehearsal  r e q u i r e s  time, especially for y o u n g e r  
Normal ch i ldren  and  SPR ind iv idua ls .  The in s t ru c to r  must p rov ide  
a d eq u a te  amounts  of time and p rom pt  these  individuals to r e h e a rse  the 
information or  skill be ing t a u g h t .
4. Th is  s tu d y  revealed  t h a t  SPR individuals  a re  capable of lea rn ­
ing rehea rsa l  s t r a t e g ie s .  However,  t h e i r  performance in th is  r e se a r c h  
was c loser  to tha t  of y o u n g e r  Normal ch i ld ren ,  t h u s  indicating t h a t  the 
SPR individuals  do not  spon taneous ly  r e h e a r s e .  Rehearsal must  be 
induced a n d ,  once t a u g h t ,  cued  to keep  act ive rehearsal  in p r o g r e s s .
5. Given the  developmental similarit ies between the older SPR 
individuals  and y o u n g e r  Normal indiv iduals  (lack o f  spontaneous  r e h e a r ­
s a l ) ,  the  abil i ty of the SPR individuals  to t r a n s f e r  task  specific  learn­
ing to o the r  general  areas '  is d o u b t fu l .  T h e re fo re ,  teaching s t r a t e g i e s  
should  be des igned  to be task  specific and not  requ i re  t r a n s f e r  learning 
t h a t  relies on more highly developed s t r a t e g i e s  such as  label ing,  g r o u p ­
ing ,  and recod ing .
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In sum,  the  da ta  and analys is  in th is  r e se a rc h  seemed to indicate
th a t :
1. Performance on all d ep en d en t  var iab les  of both SPR and 
Normal g ro u p s  improved ac ross  ages as  a r e su l t  o f  maturational  e f fec ts .
<2. The  E g ro u p  performance was su p e r io r  to the C g roup  pe r fo r ­
mance for both SPR and  Normal g r o u p s .
Recommendations
The re su l t s  of  th is  re sea rch  identified severa l  a reas  th a t  need to 
be investigated to increase  the knowledge of information process ing  
skills of SPR ind iv iduals .  The following var iab les  need to be manipu­
lated a n d / o r  controlled to f u r t h e r  explain the  developmental t r e n d s  
rega rd ing  SPR and  Normal information process ing  d i f ferences .
1. The  s tu d y  indicated more similarit ies exis ted between older  
SPR individuals  and  y o unge r  Normal individuals  than  between SPR and 
Normal individuals  of the same chronological a g e .  Replication of the 
exper iment  with SPR and Normal individuals  control led for mental age 
(MA) may yield more ins igh t  into the o ccu r rence  of developmental 
t r e n d s  in process ing  skills ac ross  ages  in the  SPR g ro u p .
2 . Previous r e se a r c h  has  indicated t h a t  young children are  able 
to label information,  th u s  help ing them to facilitate active rehea rsa l ,  bu t  
young chi ldren  usually do not use  this  s t r a t e g y  a p p ro p r ia te ly .  This  
exper iment  could be ad ap ted  to include labels in the investigat ion of 
what  skills SPR non-verba l  individuals  have in th i s  area .
3. Previous  learning exper iences  of individuals  ( i . e . ,  exposu re  
to numerous manipulat ive tasks)  could account  for some of the large 
var iances  in performance within age of the  SPR individuals .  A follow- 
up r e sea rch  project  in which insti tutionalized adu l t  SPR individuals were
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compared to community based ad u l t  SPR individuals  of the same MA 
would lend insight  into th is  ques t ion .
4. The exper im ent  needs  to be replicated  to invest igate  the 
manipulation o f  reh ea rsa l  t ime. The amount of time necessa ry  for 
ef ficient  rehearsal  in SPR individuals  ac ross  ages  needs  to be es tab ­
l ished.
5. Results  of th is  s tu d y  s u g g e s ted  t h a t  SPR individuals were not 
likely to t r a n s f e r  learned r ehea rsa l  s t r a te g ie s  to o th e r  s i tua t ions ,  fu r ­
t h e r  research  is needed to invest igate  t r a n s f e r  of s t ra teg ie s  in SPR 
individuals .
6 . Younger  ch i ld ren  need more time to p rocess  the  same amount
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of information as  older  ch i ld ren  (Chi,  1976). Information needs to be 
obtained on the  p rocess ing  speed  of SPR individuals ac ross  ages  in 
o rd e r  th a t  more similarit ies and d i f ferences  to Normal individuals  may be 
es tab l ished .
7. The t ra in ing  of  the SPR E g ro u p  individuals  indicated th a t  
observat ional learning is e f fec t ive .  However,  more re sea rch  is needed 
to identify what types  of information process ing  s t r a t e g ie s  may be 
learned from observa t ion .
8 . Because EMR (educab le  mentally r e t a rd e d )  and TMR ( tra inable  
mentally r e ta rd ed )  individuals  fall between Normal and SPR individuals ,  
s tud ies  of information p rocess ing  def ici ts  us ing  all four  g ro u p s  should 
be of in te re s t .
9. A final recommendation for  f u tu r e  research  is more general  in 
n a tu r e .  Previous r e sea rch  on cognit ive  p rocesses  of exceptional  chil­
d r e n  has  been inferential in n a tu r e  and ,  t h u s ,  has  re su l ted  in a 
descrip tion of what they  canno t  do on a specific  t a sk .  It is recom-
mended th a t  f u r th e r  exper imental re sea rch  be conducted  to identify 
learning capabil it ies  of  except ional  c h id re n ,  especially SPR individuals ,  
on specific t a sk s .
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APPENDIX A 
Task In s t ruc t ions  an d  Descrip t ive  Sta t is t ics
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In s t ruc t ions  for the 5 -Year-Old  Normal Group
Today we are  going to play a game with this  piece of equ ipm ent .  
See th e se  lights? They  a re  all going to come on and go off  one a f t e r  
the  o th e r .  Some of the  l igh ts  a re  going to have a b u zze r  ring when 
th ey  come on.  Your job is to remember  which l ights  have b u z z e r s  with
them.  If you remember co r rec t ly  you win the  game and if you miss,  I
win th e  game. You d o n ' t  want me to win, do you?
Th is  is how we are  going to play t h e  game.  When the  la s t  l ight
goes  off,  you a r e  going to watch the  red l ight .  When the red light
comes on th a t  is y our  signal to go .  As soon as  you see  the red light 
you a r e  going to lift your  hand as fast  as  you c an ,  and  push  the  keys  
u n d e r  the  l ights  tha t  had th e  b u z ze r  with them. If you p u s h  the 
wrong key nothing will h a p p e n .  See (exper im entor  dem ons t ra te s )?  
Watch me and I will show you how to play (exper im entor  dem onstra tes  
the  t a s k ) .  Now it is your  t u rn  (sub jec t  performs t a s k ) .  Do you have 
a n y  questions?  Okay, let 's  beg in .  Remember, I want  you to p u s h  the 
keys  as fast  as you can without  making mistakes .
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In s t ru c t io n s  for the 7-Year-Old Normal Group
Today I am going to see how well you can remember th in g s .  See
th e  l ights  on the  equipment? They  a re  going to come on and go off  one
a f t e r  the  o th e r .  Some of the l ights  a re  going to have a b u z z e r  sound
when they  come on .  Your job is to remember which l ights  have the
b u z z e r s  with them.
Watch and I will show you how the  equipment  works  ( light 
s equence  b e g in s ) .  When the  las t  l ight  goes off,  you a r e  going to watch 
th e  red l ight .  When the  red light  comes on th a t  is your  signal to 
beg in .  As soon as  you see the red light  you a r e  going to lift your  
hand  as  fas t  as you can ,  and  p ush  the keys  u n d e r  the l igh ts  tha t  had 
the  b u zze r  with them. If you push the  wrong key nothing will happen  
(exper im en to r  d em o n s t ra te s ) .  Now you take a tu rn  so you can see  how 
the  equipment  works ( sub jec t  performs t a s k ) .  Do you have any q u e s ­
tions? Let's beg in .  Remember, I want  you to p u sh  the keys  as fast  as 
you can without  making mis takes .
In s t ruc t ions  for the 11- and 15-Year-Old Normal Groups
Today I want  you to perform a task  t h a t  will show me how well
you can remember t h i n g s .  The lights  on the equipment a re  going to
come on and go off  in sequence  from left to r ig h t .  Some of the l ights  
have  bu zze rs  with them and  your  job is to remember which l ights  have  
th e  b u z z e r s .  Th is  is the  p ro c ed u re :  When the las t  l ight  in the
sequence  tu rn s  off,  wait for the  red light to come on.  As soon as the
red  light  comes on you may begin y o u r  response .  Always r espond  in
left to r ig h t  o r d e r .  Notice if you make a mistake an d  push  a wrong
key no th ing  h a p p e n s .  Go ahead and  take  a tu rn  so you can see  how
the equipment  works and  ask  any ques t ions  you may have .  Let 's
beg in .  Remember, I will be looking for  speed and accu racy  in y o u r  
perform ance .
In s t ru c t io n s  for the E Group 
IR Tra in ing  Sessions
I'm going to show you how to help y o u rse l f  remember  th in g s .  See 
th e se  l ights  (exper im en te r  motions to t h e  l ig h t s ) .  Two of them a re  
going to come on and go off  one a f t e r  the  o th e r .  Sometimes one of the 
two lights  will have a buzzer  sound when it  comes on.  Following each 
s e t  of two l igh ts  the red light  is going to come on. When you see  the 
red light  th a t ' s  your  s igna '  to push  th e  bu t ton  u n d e r  th e  light t h a t  has 
the  b u z z e r  with it.  If you p u s h  the wrong key no th ing  will hap p en .
The above p ro c e d u re  was followed b u t  modified to allow lights to 
come on in sequence ,  t h e n  4 l igh ts ,  e t c .  until  the  en t i re  ser ies  of 10 
l ights  were coming on in seq u en ce .  When all 10 lights  were ut il ized, 
the  individuals  were g iven  small red  d iscs  approximately  the  size of a 
dime and  in s t ru c te d  to place them beneath  the  lights t h a t  were paired 
with a b u z z e r .  Th is  la t t e r  por t ion  of IR t ra in ing  cont inued until  the  
su ccess  c r i te r ia  o f  co r re c t  performance on 8 ou t  of 10 t r ia ls  on 3 conse­
cu t ive  d a y s  was r e ach ed .
In s t ruc t ions  for the SPR E and C Group
The  same ins t ruc t ions  and p r o c e d u re s  a l ready d esc r ib ed  for  the 
Normal g roup  individuals  were followed for th e se  g r o u p s .  However,  
e v e ry  verbal  ins t ruc t ion  was also d em o n s t ra ted .  Each individual was 
also physically  ass i s ted  in execution of the requ i red  response  d u r in g  
each phase  of IR t ra in in g .  Physical a s s i s tan ce  was no t  offered du r ing  
tr ia ls  to es tab l ish  whether  or  not su ccess  c r i te r ion  had been reached .
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NAME _____________________  D .O .B .  CROUP
RT
1   6   11   16
2 ________ 7 __________ 12   17
3   8   13   18
4   9   14   19
5   10   15   20
MEAN RT =
TRIALS
1 2 3 4
RT ______  RT ______  RT ______  RT ______  RT
DT ______  DT ______  DT ______  DT ______  DT
MT1 ______  MTj ______  MT1 ______  MT^ ______  MT]
m t 2   m t 2   m t 2   m t 2   m t 2
T R T   T R T   TRT ______  T R T   TRT
E r r o r s :
1- 5 ______  1- 5 _______ 1- 5 _______ 1- 5 _______ 1- 5
6-10 6-10 6-10 6-10 6-10
6 7 8 9 10
RT   RT   RT   RT ______  RT _____
DT   DT   DT   DT ______  DT _____
MT1 ______  MTj   MT^   MT ______  MT1 _____
m t 2   m t 2   m t 2   m t 2   m t 2 _____
T R T   T R T   T R T   T R T   T R T _____
Er ror s :
1-  5   1-  5   1- 5   1- 5________ 1- 5 _____
6-10   6-10   6-10   6-10   6-10 _____
11 12 13 14 15
RT   RT   RT   RT ______  RT _____
DT   DT   DT   DT ______  DT _____
MT1 ______  MT.j ______  MT1   MTj____ _ MT _____
m t 2   m t 2   m t 2   m t 2   m t 2 _____
T R T   T R T   T R T   T R T   T R T _____
E r r o r s :
1- 5 ______  1- 5 _______ 1- 5 _______ 1- 5 ______  1- 5 _____





















Means and Standard Deviations of Age 








5 N C 5.33 .21
5 N E 5.16 .51
7 N C 7.22 .32
7 N E 7.19 .29
7 SPR C 7.16 .42
7 SPR E 7.26 .42
11 N C 10.68 .34
11 N E 10.92 .39
11 SPR C 10.98 .50
11 SPR E 11.08 .44
15 N C 15.14 .29
15 N E 14.93 .30
15 SPR C 15.38 .16
15 SPR E 15.27 .23
APPENDIX B 
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Table B -l




































































Means and Standard D ev ia tion s by Block
Standard
Mean Deviation













































































































Means and Standard Deviations for Treatment by Block
Standard
Mean Deviation
Treatment Block Variable (msec) (msec)


























































































































































































































































Means and Standard Deviations 
from the Treatment x Age x Block Interaction



































































































































































































































































































































4 x 2 x 5  MANOVA for RpT, MT̂  MT2 








Age 9, 170 *12.86 3, 3, 288 .28*
Treatment (Trtmt) 3, 70 2.89 3, 1, 288 .89*
Age x Trtmt 9, 170 2.65 3, 3, 288 .73*
Block 12, 756 8.01 3, 4, 288 .73*
Age x Block 36, 845 1.64 3, 12, 288 .82*
Trtmt x Block 12, 756 1.00 3, 4, 288 .96
Trtmt x Age x Block 36, 845 .97 3, 12, 288 .89
* £  ^  .05
Table B-9
4 x 2 x 5  MANOVA for Ê  and E2 








Age 6, 142 18.34 2, 3, 288 .32*
Treatment (Trtmt) 2, 71 6.06 2, 1, 288 .85*
Age x Trtmt 6, 142 2.62 2, 3, 288 .81*
Block 8, 574 1.79 2, 4, 288 .95
Age x Block 24, 574 1.33 2, 12, 288 .90
Trtmt x Block 8, 574 1.64 2, 4, 288 .96
Trtmt x Age x Block 24, 574 1.25 2, 12, 288 .90
* £  <  .05
Table B-10 
4 x I ANOVA for MRT
MRT MRT MRT
Source df SS F 2(jJ
Age 3 275052.34 51.60* .6549
Error 76 135046.15
* £ < .05
Table B-ll
4 x 2 x 5  ANOVA for RpT, MT̂ , and HT^









CM3 H T 2SS
ht2
F u > 2
Age 3 13267958.44 39.87* .3322 429295473.64 24.89* .3236 311406661.56 24.26* .2501
Treatment (Trtmt) 1 478864.00 4.32* .out 30741480.25 5.35* .0225 29720669.45 6.95* .0230
Age x Treatment 3 227585.78 6.84* .0027 65749534.75 3.81* .0473 27511783.22 2.14 .0187
Error a 72 7985997.78 413877867.33 308084894.22
Block 4 2149304.89 13.42* .0503 15464830.00 3.38* .0083 58247432.61 9.61* .0425
Age x Block 12 1254160.44 2.61* .0196 15962359.24 1.16 .0017 22062285.39 1.21 .0032
Trtmt x Block 4 111562.67 .70 -.0012 5107817.11 1.12 .0004 8894951.94 1.47 .0023
Age x Trtmt x Block 12 479876.44 1.00 .0000 9243375.11 .67 -.0034 23286139.83 1.28 .0042
Error b 288 11529415.56 329524378.22 436202150.22
T ab le  B-12
4 x 2 x 5  ANOVA for Ê  and










Age 3 43.45 39.96* .3377 43.27 31.34* .2785
Treatment (Trtmt) 1 3.67 10.14* .0277 3.80 8.26* .0234
Age x Treatment 3 5.87 5.40* .0428 2.11 1.53 .0095
Error a 72 26.10 33.14
Block 4 1.31 2.32* .0059 1.21 1.40 .0022
Age x Block 12 3.76 2.22* .0163 1.48 .57 -.0076
Trtmt x Block 4 .86 1.52 .0024 1.74 2.01 .0056
Age x Trtmt x Block 12 1.65 .97 -.0002 3.91 1.51 .0083
Error b 288 40.60 62.12
* £ <  .05
Table B-13
4 x 2 x 5  ANOVA for DT and TRT 





F G)2 TRTSS TRTF CM3
Age 3 6213732.19 21.45* .2005 1719321948.97 33.62* .3848
Treatment (Trtmt) 1 323287.01 3.35 .0103 136613240.03 8.01* .0301
Age x Treatment 3 1907655.35 6.58* .0613 205836236.53 4.03* .0443
Error a 72 6953955.28 1227218965.56
Block 4 2148467.33 13.42* .0690 160027370.39 13.37* .0009
Age x Block 12 1254186.44 2.61* .0390 60078134.50 1.67 .0054
Trtmt x Block 4 111377.33 .70 .0031 27247095.94 2.28 .0034
Age x Trtmt x Block 12 480280.44 1.00 .0140 43562399.16 1.21 .0017
Error b 288 11529661.78 861542035.56
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Table B-14 
Newman-Keuls Tests for the
Age Main Effect. Variable: RpT•
Description
Mean
















Note. The values reported in the table are cr it ica l  
for significance in the Newman-Keuls me'thods.
values
* £  <  .05
Table B-15
Newman-Keuls Tests for the 




































Note. The values reported in the table are cr it ica l  values 
for significance in the Newman-Keuls methods.
* £  <  .05
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Table B-16 
Newman-Keuls Tests for the




































Note. The values reported in the table are critical values 
for significance in the Newman-Keuls methods.
* £  <  .05
Table B-17
Newman-Keuls Tests for the 
Age Main Effect. Variables: E^ and E^
El
Mean
Description (msec) 2 3 4
Age
(Years)
1. 5 .81 1.05 1.26 1.38
2. 7 .11 1.05 1.26
3. 11 .04 1.05
4. 15 .02 —
Age E2
(Years)
1. 5 .88 1.05 1.26 1.38
2. 7 .32 1.05 1.26
3. 11 .09 1.05
4. 15 .06 —
Note. The values reported in the table are critical values 
for significance in the Newman-Keuls methods.
* £  <  .05
Table B-18
Newman-Keuls T ests for the
Block Main E ffe c t .  V ariable: RpT.
Description
Mean
(msec) 2 3 4 5
1. Block 1: 900 2.29* 2.75* 3.02* 3.21*
2. Block 2: 770 2.29* 2.75* 3.02*
3. Block 3: 729 2.29* 2.75*
4. Block 4: 710 2.29*
5. Block 5: 699 —
Note. The values reported in the table are cr it ica l values 
for significance in the Newman-Keuls methods.




Newman-Keuls T ests  for the
Block Main E ffe c t . V ariable: DT.
Description
Mean
(msec) 2 3 4 5
1. Block 1: 549 2.29* 2.75* 3.02* 3.21*
2. Block 2: 420 2.29* 2.75* 3.02*
3. Block 3: 379 2.29* 2.75*
4. Block 4: 360 2.29*
5. Block 5: 348 —
Note. The values reported in the table are cr it ica l values 
for significance in the Newman-Keuls methods.
* £  <  .05
00
Table B-20
Newman-Keuls T ests for  the
Block Main E ffe c t . V ariable: MT .̂
Description
Mean
(msec) 2 3 4 5
L. Block 1: 2062 6.15* 7.39* 8.11* 8.62*
2. Block 3: 1864 6.16* 7.39* 8.11*
3. Block 5: 1635 6.16* 7.39*
4. Block 2: 1622 6.16*
5. Block 4: 1518 —
Note. The values reported in the table are cr it ica l values 
for significance in the Newman-Keuls methods.




Newman-Keuls T ests for  the
Block Main E ffe c t . V ariable: MT̂ .
Description
Mean
(msec) 2 3 4 5
L. Block 1: 2924 11.95* 14.34* 15.74* 16.72*
2. Block 3: 2369 11.95* 14.34* 15.74*
3. Block 2: 2187 11.95* 14.34*
4. Block 4: 2009 11.95*
5. Block 5: 1805 —
Note. The values reported in the table are cr it ica l values 
for significance in the Newman-Keuls methods.
* £  <  -05
Table B-22
Newman-Keuls T ests  for the
Block Main E ffe c t . V ariable: TRT.
Mean
Description (msec) 2 3 4 5
1. Block 1: 5886 19.80* 23.76* 26.09* 27.72*
2. Block 3: 4962 19.80* 23.76* 26.09*
3. Block 2: 4579 19.80* 23.76*
4. Block 4: 4237 19.80*
5. Block 5: 4139 —
Note. The values reported in the table are cr it ica l values 
for significance in the Newman-Keuls methods.
* £  <  .05
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Table B-23
Newman-Keuls T ests for the
Age x Treatment In te r a c tio n . V ariable: RpT
Description
Mean
(msec) 2 3 4 5 6 7 8
1. 5-year-old C group 1195 130.46* 155.89* 170.97* 181.80* 189.81* 196.40* 202.06*
2. 5-year-old E group 871 130.46 155.89 170.97* 181.80* 189.81* 196.40*
3. 7-year-old E group 835 130.46 155.89* 170.97* 181.80* 189.81*
4. 7-year-old C group 797 130.46* 155.89* 170.97* 181.80*
5. 1i-year-old E group 660 130.46 155.89 170.97
6. 1L-year-old C group 612 130.46 155.89
7. 15-year-old C group 581 130.46
8. 15-year-old E group 542 “ “
Mote. The values reported in the table are cr it ica l values 
for significance in the Newman-Keuls methods.
* £  <  .05
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Table B-24
Newman-Keuls T ests  for the
Age x Treatment In te r a c tio n . V ariable: MT̂
Description
Mean
(msec) 2 3 4 5 6 7 8
1. 5-year-old control 4398 939.21* 1122.31* 1230.81* 1308.80* 1366.44* 1413.91* 1454.60*
2. 5-year-old experimental 2480 939.21 1122.31 1230.81* 1308.80* 1366.44* 1413.91*
3. 7-year-old control 1922 939.21 1122.31 1230.81 1308.80 1366.44
4. 7-year-old experimental 1504 939.21 1122.31 1230.81 1308.80
5. 11-year-old experimental 996 939.21 1122.31 1230.81
6. 11-year-old control 948 939.21 1122.31
7. 15-year-old experimental 872 939.21
8. 15-year-old control 801
Note. The values reported in the table are cr it ica l values 
for significance in the Newman-Keuls methods.




Newman-Keuls T ests  for  the
Age x Treatment In te r a c tio n . V ariable: DT
Description
Mean
(msec) 2 3 4 5 6 7 8
1. 5-year-old control 750 121.74* 145.48* 159.54* 169.65* 177.12* 183.27* 188.55*
2. 5-year-old experimental 456 121.74 145.48 159.54 169.65* 177.12 183.27
3. 7-year-old experimental 453 121.74 145.48 159.54 169.65 197.12
4. 7-year-old control 426 121.74 145.48 159.54 169.65
5. 11-year-old experimental 339 121.74 145.48 159.54
6. 11-year-old control 293 121.74 145.48
7. 15-year-old control 289 121.74
8. 15-year-old experimental 283
Note. The values reported in the table are cr it ica l values 
for significance in the Newman-Keuls methods.




Newman-Keuls T ests  for the
Age x Treatment In te r a c tio n . V ariable: TRT.
Description Mean 2 3 4 5 6 7 8
1. 5 year old C: 9701 1617.30* 1932.58* 2119.42* 2253.70* 2352.96* 2434.70* 2504.77*
2. 5 year old E: 6188 1617.30 1932.58 2119.42 2253.70 2352.96 2434.70
3. 7 year old C: 5788 1617.30 1932.58 2119.42 2253.70 2352.96
4. 7 year old E: 4643 1617.30 1932.58 2119.42 2253.70
5. 11 year old C: 3396 1617.30 1932.58 2119.42
6. 11 year old E: 3200 1617.30 1932.58
7. 15 year old E: 2673 1617.30
8. 15 year old C: 2505
Note. The values reported in the table are cr it ica l values 
for significance in the Newman-Keuls methods.
* 2 . <  -05
Table B-27
Newman-Keuls Tests for the 
Age x Treatment Interaction. Variable:
Description Mean 2 3 4 5 6 7 8
L. 5-year-old C group 1.11 .2358* .2818* .3090* .3286* .3431* .3550* .3652*
2. 5-year-old E group .51 .2358* .2818* .3090* .3286* .3431* .3550*
3. 7-year-old C group .19 .2358 .2818 .3090 .3286 .3431
4. 7-year-old E group .04 .2358 .2818 .3090 .3286
5. 11-year-old E group .04 .2358 .2818 .3090
6. 1L-year-old G group .04 .2358 .2818
7. 15-year-old C group .03 .2358
8. 15-year-old E group .01
Note. The values reported in the table are cr it ica l values 
for significance in the Newman-Keuls methods.
* £  <  .05
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Table B-28
Newman-Keuls T ests  for  the
Age x Block In te r a c tio n . V ariable: RpT.
Description
Mean
(msec) 2 3 4 5 6 7 8 9 10
1. 5-year-olds Block 1: 1339 125.27* 150.33* 165.09* 175.38* 183.43* 189.70* 195.06* 200.43* 204.01*
2. 5-year-olds Block 2: 1058 125.27 150.33 165.09 175.38 183.43* 189.70* 195.06* 200.43*
3. 7-year-olds Block 1: 953 125.27 150.33 165.09 175.38 183.43 189.70 195.06
4. 5-year-olds Block 3: 948 125.27 150.33 165.09 175.38 183.43 189.70
5. 5-year-olds Block 5: 913 125.27 150.33 165.09 175.38 183.43
6. 5-year-olds Block 4: 907 125.27 150.33 165.09 175.38
7. 7-year-olds Block 2: 801 125.27 150.33 165.09
8. 7-year-olds Block 4: 779 125.27 150.33
9. 7-year-olds Block 5: 778 125.27
10. 7-year-olds Block 3: 772
11. 11-year-olds Block 1: 705
12. 11-year-olds Block 3: 661
13. 11-year-olds Block 2: 649
14. 15-year-olds Block 1: 603
15. 11-year-olds Block 4: 592
16. 11-year-olds Block 5: 575
17. 15-year-olds Block 2: 574
18. 15-year-olds Block 4: 563
19. 15-year-olds Block 3: 536
20. 15-year-olds Block 5: 530
VO i*>
Table B-28 (continued)
Newraan-Keuls Tests for the 
Age x Block Interaction. Variable: RpT.
Description
Mean
(msec) 11 12 13 14 15 16 17 18 19 20
1. 5-year-olds Block 1: 1339 207.59* 211.17* 213.86* 216.54* 219.22* 221.46* 223.70* 225.94* 227.72* 229.51*
2. 5-year-olds Block 2: 1058 204.01* 207.59* 211.17* 213.86* 216.54* 219.22* 221.46* 223.70* 255.94* 227.72*
3. 7-year-olds Block 1: 953 200.43* 204.01* 207.59* 211.17* 213.86* 216.54* 219.22* 221.46* 223.70* 255.94*
4. 5-year-olds Block 3: 948 195.06* 200.43* 204.01* 207.59* 211.17* 213.86* 216.54* 219.22* 221.46* 223.70*
5. 5-year-olds Block 5: 913 189.70* 195.06* 200.43* 204.01* 207.59* 211.17* 213.86* 216.54* 219.22* 221.46*
6. 5-year-olds Block 4: 907 183.43* 189.70* 195.06* 200.43* 204.01* 207.59* 211.17* 213.86* 216.54* 219.22*
7. 7-year-olds Block 2: 801 175.38 183.43 189.70 195.06* 200.43* 204.01* 207.59* 211.17* 213.86* 216.54*
8. 7-year-olds Block 4: 779 168.09 175.38 183.43 189.70 195.06 200.43* 204.01* 207.59* 211.17* 213.86
9. 7-year-olds Block 5: 778 150.33 165.09 175.38 183.43 189.70 195.06* 200.43* 204.01* 207.59* 211.17*
10. 7-year-olds Block 3: 772 125.27 150.33 165.09 175.38 183.43 189.70* 195.06* 200.43* 204.01* 207.59*
11. 11-year-olds Block I: 705 125.27 150.33 165.09 175.38 183.43 189.70 195.06 200.43 204.01
12. 11-year-olds Block 3: 661 125.27 150.33 165.09 175.38 183.43 189.70 195.06 200.43
13. 11-year-olds Block 2: 649 125.27 150.33 165.09 175.38 183.43 189.70 195.06
14. 15-year-olds Block 1: 603 125.27 150.33 165.09 175.38 183.43 189.70
15. 11-year-olds Block 4: 592 125.27 150.33 165.09 175.38 183.43
16. ll-year-olds Block 5: 575 125.27 150.33 165.09 175.38
17. 15-year-olds Block 2: 574 125.27 150.33 165.09
18. 15-year-olds Block 4: 563 125.27 150.33
19. 15-year-olds Block 3: 536 125.27
20. 15-year-olds Block 5: 530 —
Note. The values reported in the table are critical values 
for significance in the Newman-Keuls methods.















* £  <q .05
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FIGURE C2. El PERFORMANCE OF E AND C7# 11# AND 15-YEAR-OLD GROUPS ACROSS BLOCKS
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A a 15-YEAR-OLD E GROUP
Oroan by ICS C
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Table C -l









N 5 430.30 62.01
N 7 377.35 46.20
N 11 320.20 19.86
N 15 274.70 21.11
SPR 7 1033.95 133.11
SPR 11 918.70 238.55
SPR 15 854.20 220.33
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Table C-2























































































































Means and Standard D ev ia tion s





































Means and Standard D ev ia tion s
























































Means and Standard D eviations




















































































Means and Standard D ev ia tion s



























































Means and Standard D ev ia tion s



















































































Table C - l l
Means and Standard D ev ia tion s











































Table C - l l  (continued)
Standard 
Mean Deviation














































































Means and Standard D ev ia tion s
fo r  the Group x Treatment x Age In te r a c tio n











































































































Means and Standard D eviation s
fo r  the Group x Treatment x Block In te r a c tio n






































































N E 4 RpT 661.51 183.85
DT 340.72 157.76






























































































Means and Standard D ev ia tion s
fo r  th e Group x Age x Block In te r a c tio n



















































































































































































































































Means and Standard D ev ia tion s
fo r  the Age x Treatment x Block In te r a c tio n



















































































































































































































































Means and Standard D ev ia tion s
fo r  the Group x  Age x Treatment x Block In te r a c tio n











































































































































































































Mean D ev ia tion








































Group Age Treatment Block Variable (msec) (msec)
RpT 1625.67 444.28
DT 600.17 404.53


































































































































































































2 x 3 x 2 x 5 MANOVA for RpT, MT^ and MT^









Group 3, 106 97.89 3, 1, 432 .27*
Age 6, 212 6.36 3, 2, 432 .72*
Group x Age 6, 212 5.89 3, 2, 432 .74*
Treatment (Trtmt) 3, 106 4.09 3, 1, 432 .90*
Group x Trtmt 3, 106 3.64 3, 1, 432 .91*
Age x Trtmt 6, 212 1.80 3, 2, 432 .91
Group x Age x Trtmt 6, 212 .96 3, 2, 432 .95
Block 12, 1137 1.75 3, 4, 432 .95*
Group x Block 12, 1137 1.10 3, 4, 432 .97
Age x Block 24, 1247 1.01 3, 8, 432 .95
Trtmt x Block 12, 1137 .91 3, 4, 432 .98
Group x Age x Block 24, 1247 1.16 3, 8, 432 .94
Group x Trtmt x Block 12, 1137 .77 3, 4, 432 .98
Age x Trtmt x Block 24, 1247 1.26 3, 8, 432 .93
Group x Age x Trtmt x Block 24, 1247 1.14 3, 8, 432 .94
* £  <  .05
Table C--18
2 x 3 x 2 x 5 MANOVA for E and E








Group 2, 107 101.38 2, 1, 432 .35*Age 4, 214 4.77 2, 2, 432 .84*
Group x Age 4, 214 3.68 2, 2, 432 .88*
Treatment (Trtmt) 2, 107 7.74 2, 1, 432 .87*Group x Trtmt 2, 107 2.48 2, 1, 432 .96Age x Trtmt 4, 214 .45 2, 2, 432 .98
Group x Age x Trtmt 4, 214 .86 2, 2, 432 .97
Block 8, 862 1.76 2, 4, 432 .97
Group x Block 8, 862 1.10 2, 4, 432 .98
Age x Block 16, 862 .65 2, 8, 432 .98
Trtmt x Block 8, 862 .47 2, 4, 432 .99
Group x Age x Block 16, 862 .78 2, 8, 432 .97
Group x Trtmt x Block 8, 862 .81 2, 4, 432 .99
Age x Trtmt x Block 16, 862 1.83 2, 8, 432 .94*
Group x Age x Trtmt x Block 16, 862 1.17 2, 8, 432 .96
* £  £  .05
Table C-19a 
4 x 1  ANOVA for MRT (Normals)
MRT MRT MRT
Source df SS F CO2
Age 3 275052.34 51.60* .6549
Error 76 135046.15
* 2. 1  *05
Table C-19b 
3 x 1 ANOVA for MRT (SPR)
MRT MRT MRT
Source d f SS F
CM3
Age 2 331685.83 3.88* .0875
Error 57 2438832.35




2 x 3 x 2 x 5 ANOVA for RpT, HT , and MT2













Group 1 1139A1362.96 173.12* • AA98 356282903A.7A 268.77* .AA98 A3A8028667.13 168.70* • A206
Age 2 1059793.93 .81* .0021 A07305307.70 15.36* • 050A 3693A3297.82 7.17* .03A8
Group x Age 2 A535968.59 3.A5* .0136 U67A35A9.A8 A. A0* .0137 166A8A98.A8 .32 .0006
Treatment (Trtmt) I 2506A80.67 3.81* .0076 165291010.67 12.A7* • 020A 2359735A9.80 9.16* .022A
Group x Treatment 1 3152783.A1 A. 79* .0097 135273685.63 10.20* .0166 135752095.37 5.27* .0127
Age x Treatment 2 79765.78 .06 -.0012 6379AA56.A5 2.A1 .0070 3A23A565.82 .66 .0023
Group x Age x Trtmt 2 37907.70 .03 -.0013 279A9937.0A 1.05 .0025 1958278.93 • 0A -.0008
Error a 108 71080899.56 1A31669636.00 278355636A.22
Block A 805170.00 .93 -.0002 2A1A690A.19 1.A7 .0010 2616A953.59 1.29 .0006
Group x Block A A03A80.00 • A6 -.0015 29876921.37 1.82 .0017 12950356.11 .6A -.0007
Age x Block 8 819AA9.78 • A7 -.0030 A1A00905.26 1.26 .0011 27A71083.85 .68 -.0013
Trtmt x Block A 1580888.59 1.82 • 002A 9692965.82 .59 -.0008 18862229.7A .93 -.0001
Group x Age x Block 8 651828.A5 .38 -.0036 376373A7.19 1.15 . .0006 A036l729.il 1.00 .0000
Croup x Trtmt x Block A 1381A93.26 1.59 .0017 A127056.0A .25 -.0016 18727066.93 .93 -.0001
Age x Trtmt x Block 8 2871810.52 1.65 .0038 39609536.52 1.21 .0009 38805272.15 .96 -.0002
GroupxAgexTr tmtxBlock 8 320A965.63 1.85 • 00A9 38367939.63 1.17 .0007 28197573.85 .70 -.0012





2 x 3 x 
5 Blocks of
2 x 5  ANOVA for E and E 
3 Trials Each as Repeated Measures
E E E„ E„
1 1 2 2 2 2
Source df SS F CJ SS F C J
Group 1 66.22 152.95* .3360 100.04 169.90* .3345
Age 2 8.40 9.70* .0414 6.19 5.26* .0191
Group x Age 2 3.61 4.16* .0170 .50 .42 .0001
Treatment (Trtmt) I 4.28 9.88* .0211 8.40 14.27* .0273
Group x Trtmt 1 1.93 4.45* .0092 1.97 3.34 .0058
Age x Treatment 2 .03 .03 -.0012 .55 .47 .0002
Group x Age x Trtmt 2 .48 .56 .0011 1.51 1.28 .0035
Brror a 108 46.76 63.59
Block 4 .57 1.09 .0003 2.09 2.17 .0038
Group x Block 4 .80 1.52 .0014 .78 .81 -.0006
Age x Block 8 1.17 1.11 .0007 .24 .12 -.0056
Trtmt x Block 4 .31 .58 -.0011 .46 .48 -.0017
Group x Age x Block 8 1.03 .98 -.0001 1.13 .59 -.0027
Group x Trtmt x Block 4 .37 .69 -.0008 1.04 1.08 .0003
Age x Trtmt x Block 8 2.21 2.10* .0059 3.36 1.74 .0048
GroupxAgexTr tmtxBlo ck 8 1.48 1.41 .0022 2.23 1.16 .0010
Error b 432 56.95 104.06
Table C-22
2 x 3 x 2 x 5 ANOVA fo r  DT and TRT














Group 1 10175651.28 16.57* .0520 18578604215.57 236.93* .4840
Age 2 1475474.94 1.20 .0054 1596875520.26 10.18* .0408
Group x Age 2 6244804.51 5.09* .0303 164898943.37 1.05 .0034
Treatment (Trtmt) 1 503344.12 .82 .0015 888109889.80 11.33* .0223
Group x Trtmt 1 962268.01 1.57 .0039 627883300.46 8.01* .0159
Age x Treatment 2 212077.01 .17 -.0012 169245146.26 1.08 .0036
Group x Age x Trtmt 2 56990.40 .05 -.0020 41609971.15 .27 .0002
Error a 108 66305892.99 8468827161.11
Block 4 797657.72 .92 -.0004 48449371.41 . .74 -.0005
Group x Block 4 404052.37 .47 -.0024 67226230.07 1.02 .0000
Age x Block 8 806996.04 .47 -.0048 95999933.26 .73 -.0009
Trtmt x Block 4 1577604.30 1.82 .0037 64266837.33 .98 .0000
Group x Age x Block 8 645133.66 .37 -.0057 85880205.70 .65 -.0012
Group x Trtmt x Block 4 1378535.75 1.59 .0027 50749019.26 .77 -.0004
Age x Trtmt x Block 8 2865013.89 1.65 .0059 146045255.78 1.11 .0004
GroupxAgexTr tmtxBlock 8 3200354.66 1.84 .0076 136725318.30 1.04 .0001






Hevoan-Keuls Tests for the 




1. 7-yaar-olds 4746 27.95* 33.40*
2. 11-year-olds 3269 — 27.95*
3. 15-year-olds 2817 —
Mote. The values reported In the table are critical 
for significance in the Meuoan-Xeuls methods.
value
* o < .05
Table C-24
Mewman-Keuls Tests for the 




I. 7-year-olds 3583 26.62* 31.31*
2. ll-year-olds 4370 — 26.62*
3. 15-year-olds 3685 —
Mote. The values reported In the table are critical value 
for significance in the Mewman-5eul3 methods.
* o_ < .05
Table C-25
Neuman-Keuls Tests for the 




I. 7-year-olds 11485 55.35* 66.14*
2. 11-year-olds 3692 — 55.35*
3. 15-year-olds 7614 —
Mote. The values reported in the table are critical value 
for significance in the Newman-Keuls methods.
* o ^  .05
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Table C-26
Nawman-Keul3 Testa for the 
Group x Treatment Interaction. Variable: RpT.
Description
Mean
(msec) 2 3 4
I. SPR C group 1679 183.46* 219.25* 240.45*
2. SPR E group 1406 — 183.48* 219.25*
3. Normal E group 679 — 183.48
4. Normal C group 663 • —
Note. The values reported la the cable are critical value 
for significance In the Nevman-iCeuls methods.
* o <  .OS
Table 027
Nevoan-Xauls Teats for the 
Group x Treatment Interaction. Variable: MT̂ .
Description
Mean
(msec) 2 3 4
1. SPR C group 7047 260.40* 311.16* 341.25*
2. SPR S group 3048 —  260.40* 311.16*
3. Normal C group 1224 — 250.40
4. Normal E group 1124 —
Note. The values reported in che cable are critical value 
for significance la che Neuman-Xeuls methods.
* o <  .05
Table C-28
Group x
Newman-Keuls Teats for che 
Treatment Interaction. Variable: MT̂ .
Description
Mean
(msec) 2 3 4
1.
2.
SPR C group 
SPR E group
8341 1143.21* 1372.05* 
6135 —  1148.21*
1504.70*
1372.05*
3. Normal C group 2006 — 1148.21
4. Normal 2 group 1703 —
Hote. The values resorted In the cable are critical value 
cor significance In che Newman-Keuls oechods.
* s <  .05
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Table C-29
Newman-Keuls T ests  for  the
Group x Treatment In te r a c t io n . V ariab le: E^.
Description Mean 2 3 4
1. SPR C group .86 .1488* .1778* .1950*
2. SPR E group .58 .1488* .1778*
3. Normal C group .08 .1488
4. Normal C group .03 —
Note. The values reported in the table are cr it ica l value 
for significance in the Newman-Keuls methods.
* £  <  .05
Table C-30
Newman-Keuls Tests for the 
Group x Treatment Interaction. Variable: TRT.
Description
Mean
(msec) 2 3 4
1. SPR C group 17068 2002.78* 2393.22* 2624.59*
2. SPR E group 12589 2002.78* 2393.22*
3. Normal C group 3893 2002.78
4. Normal E group 3506 —
Note. The values reported in the table are cr it ica l value 
for significance in the Newman-Keuls methods.
* £  <  .05
Table C-31
Newman-Keuls Tests for the
Age x Treatment x Block Interaction. Variable:
Description Mean 2 3 4 5 6 7 8 9 10
1. 7-year-old C group Block 4 .8000
2. 7-year-old C group Block 3 .6500
3. I1-year-old C group Block 3 .6000
4. 7-year-old C group Block 5 .5700
5. 11-year-old C group Block 5 .5300
6. I1-year-old E group Block 5 .5200
7. 11-year-old E group Block 4 .5000
8. 7-year-old C group Block 2 .4700
9. 7-year-old E group Block 2 .4700
10. ll-year-old C group Block 4 .4500
11. 7-year-old E group Block 3 .4300
12. 1 l-year-old C group Block 5 .4000
13. 15-year-old C group Block 5 .4000
14. 15-year-old C group Block 2 .3800
15. 15-year-old C group Block 1 .3700
16. 15-year-old C group Block 3 .3700
17. 7-year-old E group Block 1 .3700
18. ll-year-old E group Block 4 .3700
19. ll-year-old E group Block 1 .3200
20. Il-year-old E group Block 5 .2700
21. 15-year-old C group Block 4 .2300
22. 1l-year-old E group Block 2 .2300
23. ll-year-old E group Block 3 .2300
24. 15-year-old E group Block 3 .2000
25. 15-year-old E group Block 2 .1800
26. 1 l-year-old C group Block 1 .1800
27. 15-year-old E group Block 4 .1700
28. I5-year-old E group Block 5 .1700
29. 15-year-old E group Block 1 .1500
30. 7-year-old C group Block I .0700
2947 .3134 .3272 .3385 .3483 .3564 .3629
2687 .2947 .3134 .3272 .3385 .3483 .3564
2249 .2687 .2947 .3134 .3272 .3385 .3483
— .2249 .2687 .2947 .3134 .3272 .3385
.2249 .2687 .2947 .3134 .3272








Newman-Keuls Tests for the
Age x Treatment x Block Interaction. Variable: E^.
Description Mean 11 12 13 14 15 16 17 18 19 20
1. 7-year-old C group Block 4: .8000 .3694* .3750* .3799* .3848* .3897* .3937* .3970* .4002* .4035* .4067*
2. 7-year-old C group Block 3: .6500 .3629 .3694 .3750 .3799 .3848 .3897 .3937 .3970 .4002 .4035*
3. 1l-year-old C group Block 3: .6000 .3564 .3629 .3694 .3750 .3799 .3848 .3897 .3937 .3970 .4002
4. 7-year-old C group Block 5: .5700 .3483 .3564 .3629 .3694 .3750 .3799 .3848 .3897 .3937 .3970
5. 1l-year-old C group Block 5: .5300 .3385 .3483 .3564 .3629 .3694 .3750 .3799 .3848 .3897 .3937
6. 1l-year-old E group Block 5: .5200 .3272 .3385 .3483 .3564 .3629 .3694 .3750 .3799 .3848 .3897
7. 1l-year-old E group Block 4: .5000 .3134 .3272 .3385 .3483 .3564 .3629 .3694 .3750 .3799 .3848
8. 7-year-old C group Block 2: .4700 .2947 .3134 .3272 .3385 .3483 .3564 .3629 .3694 .3750 .3799
9. 7-year-old E group Block 2: .4700 .2687 .2947 .3134 .3272 .3385 .3483 .3564 .3629 .3694 .3750
10. 1l-year-old C group Block 4: .4500 .2249 .2687 .2947 .3134 .3272 .3385 .3483 .3564 .3629 .3694
11. 7-year-old E group Block 3: .4300 — .2249 .2687 .2947 .3134 .3272 .3385 .3483 .3564 .3629
12. 1l-year-old C group Block 5: .4000 — — .2249 .2687 .2947 .3134 .3272 .3385 .3483 .3564
13. 15-year-old C group Block 5: .4000 — .2249 .2687 .2947 .3134 .3272 .3385 .3483
14. 15-year-old c group Block 2: .3800 — — — — .2249 .2687 .2947 .3134 .3272 .3385
15. I5-year-old c group Block 1: .3700 — .2249 .2687 .2947 .3134 .3272
16. 15-year-old c group Block 3: .3700 — .2249 .2687 .2947 .3134
17. 7-year-old E group Block 1: .3700 — .2249 .2687 .2947
18. ll-year-old E group Block 4: .3700 — .2249 .2687
19. 1 l-year-old E group Block 1: .3200 — .2249
20. Il-year-old E group Block 5: .2700 —
21. 15-year-old C group Block 4: .2300 —
22. 1 l-year-old E group Block 2: .2300 —
23. ll-year-old E group Block 3: .2300 —
24. 15-year-old E group Block 3: .2000 —
25. 15-year-old E group Block 2: .1800 —
26. Il-year-old C group Block 1: .1800 —
27. 15-year-old E group Block 4: .1700 —
28. I5-year-old E group Block 5: .1700 —
29. 15-year-old E group Block 1: .1500 —
30. 7-year-old C group Block I: .0700 —
Table C-31 (continued)
Newman-Keuls Tests for the 
Age x Treatment x Block Interaction. Variable: Ê .
Description Mean 21 22 23 2 4 25 26 27 28 29 30
1. 7-year-old C group Block 4 .8000 .4067* .4067* .4067* .4067* .4067* -.4067* .4067* .4067* .4067* .4067*
2. 7-year-old C group Block 3 .6500 .4067* .4067* .4067* .4067* .4067* .4067* .4067* .4067* .4067* .4067*
3. 1l-year-old C group Block 3 .6000 .4035 .4067 .4067 .4067 .4067* .4067* .4067* .4067* .4067* .4067*
4. 7-year-old C group Block 5 .5700 .4002 .4035 .4067 .4067 .4067 .4067 .4067 .4067 .4067* .4067*
5. Il-year-old C group Block 5 .5300 .3970 .4002 .4035 .4067 .4067 .4067 .4067 .4067 .4067 .4067*
6. ll-year-old E group Block 5 .5200 .3937 .3970 .4002 .4035 .4067 .4067 .4067 .4067 .4067 .4067*
7. ll-year-old E group Block 4 .5000 .3897 .3937 .3970 .4002 .4035 .4067 .4067 .4067 .4067 .4067*
8. 7-year-old C group Block 2 .4700 .3848 .3897 .3937 .3970 .4002 .4035 .4067 .4067 .4067 .4067
9. 7-year-old E group Block 2 .4700 .3799 .3848 .3897 .3937 .3970 .4002 .4035 .4067 .4067 .4067
10. ll-year-old C group Block 4 .4500 .3750 .3799 .3848 .3897 .3937 .3970 .4002 .4035 .4067 .4067
11. 7-year-old E group Block 3 .4300 .3694 .3750 .3799 .3848 .3897 .3937 .3970 .4002 .4035 .4067
12. ll-year-old C group Block 5 .4000 .3629 .3694 .3750 .3799 .3848 .3897 .3937 .3970 .4002 .4035
13. 15-year-old C group Block 5 .4000 .3564 .3629 .3694 .3750 .3799 .3848 .3897 .3937 .3970 .4002
14. 15-year-old C group Block 2 .3800 .3483 .3564 .3629 .3694 .3750 .3799 .3848 .3897 .3937 .3970
15. 15-year-old C group Block 1 .3700 .3385 .3483 .3564 .3629 .3694 .3750 .3799 .3848 .3897 .3937
16. 15-year-old C group Block 3 .3700 .3272 .3385 .3483 .3564 .3629 .3694 .3750 .3799 .3848 .3897
17. 7-year-old E group Block 1 .3700 .3134 .3272 .3385 .3483 .3564 .3629 .3694 .3750 .3799 .3848
18. Il-year-old E group Block 4 .3700 .2947 .3134 .3272 .3385 .3483 .3564 .3629 .3694 .3750 .3799
19. 1l-year-old E group Block 1 .3200 .2687 .2947 .3134 .3272 .3385 .3483 .3564 .3629 .3694 .3750
20. ll-year-old E group Block 5 .2700 .2249 .2687 .2947 .3134 .3272 .3385 .3483 .3564 .3629 .3694
21. 15-year-old C group Block 4 .2300 — .2249 .2687 .2947 .3134 .3272 .3385 .3483 .3564 .3629
22. ll-year-old E group Block 2 .2300 — — .2249 .2687 .2947 .3134 .3272 .3385 .3483 .3564
23. 1l-year-old E group Block 3 .2300 — — — .2249 .2687 .2947 .3134 .3272 .3385 .3483
24. 15-year-old E group Block 3 .2000 — — — — .2249 .2687 .2947 .3134 .3272 .3385
25. 15-year-old E group Block 2 .1800 — . — — — — .2249 .2687 .2947 ‘.3134 .3272
26. 1l-year-old C group Block 1 .1800 -- — — — — — .2249 .2687 .2947 .3134
27. 15-year-old E group Block 4 .1700 — — — — — — — .2249 .2687 .2947
28. 15-year-old E group Block 5 .1700 — — — — .2249 .2687
29. 15-year-old E group Block 1 .1500 — — .2249
30. 7-year-old C group Block 1 .0700 — — — — — — — — — —
Note. The values reported In the table are critical value 
for significance In the Newman-Keuls methods. /




















A x T x B
E1
19 2.191841
* £  .05
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FIGURE 01. OT PERFORMANCE OF E AND C CROUPS












i r............. r — 1 -f - " — i
1 2  3 4 5
BLOCKS
•  = DEV LEVEL 1 C GROUP
■  = DEV LEVEL 2 C GROUP
▲ = OEV LEVEL 3 C GROUP
o  = DEV LEVEL 1 E GROUP
□  = DEV LEVEL 2 E GROUP
A = DEV LEVEL 3 E GROUP
OraMd bg ICS Co«»ut«r Alftd Orarttn? Sy«t«a
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FIGURE 02. PERFORMANCES OF NORMAL E AND CGROUPS AT DEVELOPMENTAL LEVELS 1* 2 * AND 3ACROSS BLOCKS FOR E2
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•  = DEV LEVEL 1 NORMAL C GROUP
■  * OEV LEVEL 2 NORMAL C GROUP
A = DEV LEVEL 3 NORMAL C GROUP
O = DEV LEVEL 1 NORMAL E GROUP
□  « DEV LEVEL 2 NORMAL E GROUP
A = DEV LEVEL 3 NORMAL E GROUP
Drown by ICS Coaoutar Ai m * Orofttn« Syataa
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Z 0.150 - 
0 .0 0 0
■ "i 1 -r-2 3BLOCK
- r  4 —i5
• = OEV LEVEL 1 SPR C GROUP
■ = DEV LEVEL 2 SPR C GROUP
▲ = OEV LEVEL 3 SPR C GROUP
0 = DEV LEVEL 1 SPR E GROUP
□ = DEV LEVEL 2 SPR E GROUP
A - OEV LEVEL 3 SPR E GROUP
Drown by ICS Coa»ut*r At0*0 OroftMf Syoioo
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Table D-l
Means and Standard Deviations by Group
Standard
Mean Deviation








































Means and Standard Deviations 
by Developmental Level (age)
Standard
Mean Deviation
























Means and Standard Deviations by Block
Standard
Mean Deviation



















































Means and Standard D ev ia tion s





































Means and Standard D eviations for  the
Group x Developmental Level In te r a c tio n


























































Means and Standard D ev ia tion s for the













































































Means and Standard D ev ia tion s for  the
Treatment x Developmental Level In te r a c tio n























































Means and Standard D ev ia tion s for the




















































































Means and Standard D ev ia tion s for  the
Developmental L evel x Block In te r a c tio n



























































































































Table D - l l
Means and Standard D eviations for the
Group x Development x Treatment In tera c tio n
Standard
Mean Deviation
Group Treatment Dev. Level Variable (msec) (msec)


















































SPR C 1 RpT 1628.80 474.09
DT 545.10 419.15


























Table D - l l  (continued)
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Means and Standard D ev ia tion s for the
Group x Treatment x Block In te r a c tio n



























































































E2 0.82 ’ 0.72
TRT 13142.77 7525.81
RpT 1528.44 721.88





























Means and Standard D ev ia tion s for  the
Group x Development x Block In te r a c tio n



















































































































































































































































Means and Standard D eviation s fo r  the
Treatment x Development x Block In te r a c tio n













































































































































































































Treatment Development Block Variable (msec) (msec)
RpT 1370.50 1504.64
DT 806.95 1424.21



































Means and Standard D ev ia tion s for  the
Group x Treatment x Development x Block In te r a c tio n
Standard 
Mean Deviation 















































































































































































































































Group Treatment Development Block Variable (msec) (msec)
RpT 1667.00 640.77












































































































































































































































2 x 3 x 2 x 5 MANOVA for RpT, MT^, and MT2








Group 3, 106 56.14 3, 1, 432 .39*
Age (Dev) 6, 212 9.55 3, 2, 432 .62*
Group x Dev 6, 212 3.35 3, 2, 432 .83*
Treatment (Trtmt) 3, 106 5.87 3, 1, 432 .86*
Group x Trtmt 3, 106 1.26 3, 1, 432 .97
Dev x Trtmt 6. 212 2.19 3, 2, 432 .89*
Group x Dev x Trtmt 6, 212 .77 3, 2, 432 .96
Block 12, 1137 1.93 3, 4, 432 .95*
Group x Block 12, 1137 1.32 3, 4, 432 .96
Dev x Block 24, 1247 .78 3, 8, 432 .96
Trtmt x Block 12, 1137 .72 3, 4, 432 .98
Group x Dev x Block 24, 1247 1.33 3, 8, 432 .93
Group x Trtmt x Block 12, 1137 .96 3, 4, 432 .97
Dev x Trtmt x Block 24, 1247 1.21 3, 8, 432 .94
Group x Dev x Trtmt x Block 24, 1247 1.18 3, 8, 432 .94
* £  S . .05
Table D-17
2 x 3 x 2 x 5 MANOVA for E and E2 








Group 2, 107 29.22 2, 1, 432 .65*
Age (Dev) 4, 214 16.22 2, 2, 432 .59*
Group x Dev 4, 214 3.13 2, 2, 432 .89*
Treatment (Trtmt) 2, 107 10.27 2, 1, 432 .84*
Group x Trtmt 2, 107 .33 2, 1. 432 .99
Dev x Trtmt 4, 214 1.26 2, 2, 432 .96
Group x Dev x Trtmt 4, 214 1.62 2, 2, 432 .94
Block 8, 862 1.90 2, 4, 432 .97*
Group x Block 8, 862 1.09 2, 4, 432 .98
Dev x Block 16, 862 .68 2, 8, 432 .98
Trtmt x Block 8, 862 1.20 2, 4, 432 .98
Group x Dev x Block 16, 862 1.30 . 2, 8, 432 .95
Group x Trtmt x Block 8, 862 .76 2, 4, 432 .99
Dev x Trtmt x Block 16, 862 .89 2, 8, 432 .97
Group x Age x Trtmt x Block 16, 862 1.95 2, 8, 432 .93*
* £ <  .05
Table D-18
2 x 3 x 2 x 5 ANOVA for RpT, M T ^  and MT2














Group 1 76507484.74 110.62* .2655 2407419058.07 149.48* .3109 3206805665.85 119.06* .3330
Age (Dev) 2 1869254.93 1.35 .0049 791557317.45 24.57* .1012 418803662.48 7.77* .0424
Group x Age 2 8183446.26 5.92* .0268 8414051.59 .26 -.0001 11676988.48 .22 .0001
Treatment (Trtmt) I 4687557.41 6.78* .0155 286157016.0 17.77* .0364 332508592.67 12.34* .0340
Group x Treatment I 1424962.67 2.06 .0041 57321564.74 3.56 .0068 77051222.52 2.86 .0074
Age x Treatment 2 1044154.70 .75 .0020 133172622.11 4.13* .0160 36968680.78 .69 .0027
Group x Age x Trtmt 2 1205817.45 .87 .0025 7454265.59 .23 -.0003 1370073.59 .03 -.0010
Error a 108 74692860.44 1739410928.44 2909019179.11
Block A 2038807.67 2.15 .0038 24762499.19 1.32 .0008 43155711.22 1.98 .0022
Group x Block 4 1016327.30 1.07 .0002 42168429.33 2.24 .0030 27138113.96 1.25 .0006
Age x Block 8 765492.11 .40 -.0039 39358028.48 1.05 .0002 14232906.22 .33 -.0030
Trtmt x Block 4 974079.07 1.03 .0001 14005987.33 .74 -.0006 25188794.93 1.16 .0004
Group x Age x Block 8 1419348.93 .75 -.0017 50301514.33 1.34 .0016 52208690.59 1.20 .0009
Group x Trtmt x Block 4 2109670.85 2.22 .0040 5787024.15 .31 -.0017 17454882.85 .80 -.0004
Age x Trtmt x Block 8 4247176.04 2.24* .0003 46592114.56 1.24 .0012 41664633.85 .96 -.0002
GroupxAgexTrtmtxBlock 8 2259405.15 1.19 .0013 36536375.52 .97 -.0001 42120723.26 .46 -.0001





2 x 3 x 
5 Blocks of
Table D-19
2 x 5  ANOVA for Ê  and Ê
3 Trials Each as Repeated Measures
E, E Ert E„
1 1
2 2 2 2
Source df SS F G J SS F 0 )
Group 1 23.87 39.65* .0925 44.46 53.04* .1278
Age (Dev) 2 43.67 36.28* .1691 26.91 16.05* .0760
Group x Age 2 4.28 3.55* .0152 8.99 5.36* .0241
Treatment (Trtmt) 1 10.58 17.58* .0406 12.91 15.40* .0364
Group x Trtmt 1 .04 .07 -.0006 .50 .60 .0005
Age x Treatment 2 1.57 1.31 .0046 1.70 1.02 .0030
Group x Age x Trtmt 2 3.51 2.92 .0122 1.46 • .87 .0023
Error a 108 65.00 90.53
Block 4 2.05 2.50* .0049 1.67 1.27 .0010
Group x Block 4 .93 1.13 .0005 1.50 1.14 .0005
Age x Block 8 1.57 .96 -.0001 1.00 .38 -.0047
Trtmt x Block 4 1.24 1.51 .0017 1.44 . 1.10 .0003
Group x Age x Block 8 3.79 2.31* .0086 .86 .33 -.0052
Group x Trtmt x Block 4 .59 .72 -.0008 1.31 1.00 .0000
Age x Trtmt x Block 8 1.85 1.13 ' .0010 2.21 .84 -.0012
GroupxAgexTrtmtxBlock 8 2.72 1.66 .0044 5.80 2.21* .0091
Error b 432 88.48 141.80
Table D-20
2 x 3 x 2 x 5 ANOVA fo r  DT and TRT










Group 1 3601218.78 5.64* .0164 13096737280.67 153.27* .3705
Age (Dev) 2 432654.55 .34 -.0002 2462512689.78 14.41* .0688
Group x Age 2 10117081.20 7.92* .0471 22078369.78 .13 -.0004
Treatment (Trtmt) 1 1682398.01 2.63 .0071 1392489160.30 16.30* .0390
Group x Trtmt 1 154722.04 .24 -.0004 307746365.63 3.60 .0082
Age x Treatment 2 1230434.95 .96 .0037 329385653.48 1.93 .0083
Group x Age x Trtmt 2 826124.53 .65 .0017 5107625.04 .03 -.0008
Error a L08 68968911.88 9228605729.33
Block 4 2025770.54 2.13 .0053 97192705.67 1.39 .0008
Group x Block 4 1022030.59 1.08 .0004 124292921.00 1.77 .0015
Age x Block 8 761348.94 .40 -.0056 53612551.33 .38 -.0025
Trtmt x Block 4 970473.69 1.02 .0001 86915498.41 1.24 .0005
Group x Age x Block 8 1404737.49 .74 -.0024 133304919.11 .95 -.0002
Group x Trtmt x Block 4 2106730.58 2.22 .0057 54763790.48 .78 -.0004
Age x Trtmt x Block 8 4242421.77 2.23* .0115 199207088.37 1.42 .0017
GroupxAgexTrtmtxBlock 8 2253055.66 1.19 .0017 108903063.85 .78 -.0009
Error b 432 102517302.55 7577142643.99
* £  ^  .05
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Table D-21
Newman-Keuls T ests for  the
Age Main E ffe c t .  V ariable: MT .̂ -
Description Mean 2 3
1. Dev. Level 1 5609.28 39.39* 47.27*
2. Dev. Level 2 3639.12 39.39*
3. Dev. Level 3 2884.80
Note. The values reported in the table are cr itica l values for 
significance in the Newman-Keuls methods.
* £  .05
Table D-22
Newman-Keuls Tests for the 
Age Main Effect. Variable: MT̂ *
Description Mean 2 3
1. Dev. Level 1 5978.27 28.65* 34.38*
2. Dev. Level 2 4866.15 28.65*
3. Dev. Level 3 3934.45
Note. The values reported in the table are cr itica l values for 
significance in the Newman-Keuls methods.
* £  ■< .05
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Table D-23
Newman-Keuls T ests for  the
Age Main E f fe c t .  V ariable: E^.
Description Mean 2 3
1. Dev. Level 1 0.90 0.915 1.09*
2. Dev. Level 2 0.40 0.915
3. Dev. Level 3 0.27
Note. The values reported in the table are cr itica l values for 
significance in the Newman-Keuls methods.
* £  -c .05
Table D-24
Newman-Keuls Tests for the
Age Main Effect. Variable: Ê *
Description Mean 2 3
1. • Dev. Level 1 0.98 0.726 0.872
2. Dev. Level 2 0.65 - 0.726
3. Dev. Level 3 0.47
Note. The values reported in the table are cr itica l values for 
significance in the Newman-Keuls methods.




Tests for the 
. Variable: TRT.




Dev. Level 1 







Note. The values reported in the table are cr itica l values for 
significance in the Newman-Keuls methods.
* £  <  .05
Table D-26
Newman-Keuls Tests for the 
Group x Age Interaction. Variable: MRT.
Description Mean 2 3 4 5 6 7
1. SPR 7-year-olds: 1033.95 36.18* 43.23* 47.41* 50.42* 52.64* 54.47*
2. SPR 11-year-olds: 918.70 36.18* 43.23* 47.41* 50.42* 52.64*
3. SPR 15-year-olds: 854.20 36.18* 43.23* 47.41* 50.42*
4. Normal 5-year-olds: 430.30 36.18* 43.23* 47.41*
5. Normal 7-year-olds: 377.35 36.18* 43.23*
6. Normal 11-year-olds: 320.20 36.18*
7. Normal 15-year-olds: 274.70 —
Note. The values reported in the table are cr itica l values for 
significance in the Newman-Keuls methods.




Newman-Keuls Tests for the
Group x Age Interaction. Variable: RpT.
Description Mean 2 3 4 5 6
I. SPR Dev. Level 3 1662 230.36 275.27 301.88* 321.01* 335.15*
2. SPR Dev. Level 1 1436 230.36 275.27* 301.88* 321.01*
3. SPR Dev. Level 2 1471 230.36* 275.27* 301.88*
4. Normal Dev. Level 1 1033 230.36 275.27*
5. Normal Dev. Level 2 816 230.36
6. Normal Dev. Level 3 636 —
Note. The values reported in the table are critical values for 
significance in the Newman-Keuls methods.
* £ «= .05
Table D-28
Newman-Keuls Tests for the 
Group x Age Interaction. Variable: DT
Description Mean 2 3 4 5 6
1. SPR Dev. Level 3: 808 221.36 264.51 290.08* 308.46* 322.05*
2. Normal Dev. Level 1: 603 221.36 264.51 290.08 308.46
3. SPR Dev. Level 2: 553 221.36 264.51 290.08
4. SPR Dev. Level 1: 462 221.36 264.51
5. Normal Dev. Level 2: 439 221.36
6. Normal Dev. Level 3: 316 — —
Note. The values reported in the table are critical values for 
significance in the Newman-Keuls methods.
* £  ■< .05
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Table D-29
Newman-Keuls T ests  for the
Group x Age In te r a c tio n . V ariab le: E^.
Description Mean 2 3 4 5 6
1. SPR Dev. Level 3 .98 .2149 .2568* .2816* .2995* .3127*
2. Normal Dev. Level 1 .81 .2149 .2568* .2816* .2995*
3. SPR Dev. Level 2 .68 .2149 .2568* .2816*
4. SPR Dev. Level 3 .51 .2149* .2568*
5. Normal Dev. Level 2 .11 .2149
6. Normal Dev. Level 3 .04 —
Note. The values reported in the table are cr it ica l values for 
significance in the Newman-Keuls methods.
Table I>-30
Newman-Keuls T ests for the
Group x Age In te r a c tio n . V ariable: E^.
Description Mean 2 3 4 5 6
1. SPR Dev. Level 1 1.08 .2356 .3030 .3323 .3534* .3690*
2. SPR Dev. Level 2 .98 .2356 .3030 .3323* .3534*
3. Normal Dev. Level 1 .88 .2356 .3030* .3323*
4. SPR Dev. Level 3 .85 .2356* .3030*
5. Normal Dev. Level 2 .32 .2356
6. Normal Dev. Level 3 .09 —
* jj <  .05
Table D-31
Newman-Keuls Tests for the 
Age x Treatment Interaction. Variable: MT̂ .
Description Mean 2 3 4 5 6
1. Dev. Level 1 C group: 6966 1111.65* 1328.36* 1456.79* 1549.09* 1617.31*
2. Dev. Level 1 E group: 4252 1111. ">5 1328.36 1456.79 1549.09*
3. Dev. Level 2 C group: 4000 1111.65 1328.36 1456.79*
4. Dev. Level 2 E group: 3278 1111.65 1328.36
5. Dev. Level 3 C group: 3238 1111.65
6. Dev. Level 3 E group: 2531
Note. The values reported in the tables are cr itica l values for 
significance in the Newman-Keuls methods.





Newman-Keuls Test for the
Group x Age x Treatment x Block Interaction.
Variable: E„
Description
4 5 6 7 8 9 10
6686 .7103 .7429 .7682 .7900 .8117 .8262
6088 .6686 .7103 .7429 .7682 .7900 .8117
.5073 .6088 .6686 .7103 .7429 .7682 .7900
.5073 .6088 .6686 .7103 .7429 .7682
.5073 .6088 .6686 .7103 .7429





Group Treatment Level Blk Mean
1. SPR C I B2: 1.37
2. SPR C 1 Bl: 1.37
3. SPR C 2 B5: 1.33
4. SPR C 2 B2: 1.30
5. SPR C 2 B3: 1.30
6. N C 1 B5: 1.30
7. SPR C 1 Bl: 1.27
8. SPR C 1 B3: 1.27
9. N C I Bl: 1.23
10. N C I B4: 1.20
11. SPR C 3 B3: 1.30
12. SPR C 1 B4: 1.17
13. SPR E 1 B2: 1.17
14. N C 1 B3: 1.13
15. SPR E 2 Bl: 1.10
16. SPR E 1 B4: 1.03
17. SPR C 1 B5: 1.00
18. SPR C 2 Bl: 1.00
19. SPR C 3 B2: 1.00
20. SPR E 1 B3: .97
21. SPR C 3 B5: .93
22. SPR E 1 B5: .93
23. N E 1 B2: .87
24. SPR C 3 Bl: .87
25. SPR C 3 B4: .87
26. SPR E 3 B2: .87
27. N E 1 B3: .83
28. SPR E 3 B4: .83
29. SPR E 2 B2: .80





Newman-Keuls Test for the




Group Treatment Level Blk Mean 11 12 13 14 15 16 17 18 19 20
1. SPR C 1 B2 1.37 .8407 .8552 .8661 .8770 .8878 .8969 .9060 .9150 .9223 .9295
2. SPR C 1 Bl 1.37 .8262 .8407 .8552 .8661 .8770 .8878 .8969 .9060 .9150 .9223
3. SPR C 2 B5 1.33 .8117 .8262 .8407 .8552 .8661 .8770 .8578 .8969 .9060 .9150
4. SPR C 2 B2 1.30 .7900 .8117 .8262 .8407 .8552 .8661 .8770 .8878 .8969 .9060
5. SPR C 2 B3 1.30 .7682 .7900 .8117 .8262 .8407 .8552 .8661 .8770 .8878 .8969
6. N C 1 B5 1.30 .7439 .7682 .7900 .8117 .8262 .8407 .8552 .8661 .8770 .8878
7. SPR C 1 Bl 1.27 .7103 .7429 .7682 .7900 .8117 .8262 .8407 .8552 .8661 .8770
8. SPR C 1 B3 1.27 .6686 .7103 .7429 .7682 .7900 .8117 .8262 .8407 .8552 .8661
9. N C 1 Bl 1.23 .6088 .6686 .7103 .7429 .7682 .7900 .8117 .8262 .8407 .8552
10. N C 1 B4 1.20 .5073 .6088 .6686 .7103 .7429 .7682 .7900 .8117 .8262 .8407
11. SPR C 3 B3 1.30 .5073 .6088 .6686 .7103 .7429 .7682 .7900 .8117 .8262
12. SPR C 1 B4 1.17 .5073 .6088 .6686 .7103 .7429 .7682 .7900 .8117
13. SPR E 1 B2 1.17 .5073 .6088 .6686 .7103 .7429 .7682 .7900
14. N C 1 B3 1.13 .5073 .6088 .6686 .7103 .7429 .7682
15. SPR E 2 Bl 1.10 .5073 .6088 .6686 .7103 .7429
16. SPR E 1 B4 1.03 .5073 .6088 .6686 .7103
17. SPR C 1 B5 1.00 .5073 .6088 .6686
18. SPR C 2 Bl 1.00 .5073 .6088
19. SPR C 3 B2 1.00 .5073
20. SPR E 1 B3 .97
21. SPR C 3 B5 .93
22. SPR E 1 B5 .93
23. N E 1 B2 .87
24. SPR C 3 Bl .87
25. SPR C 3 B4 .87
26. SPR E 3 B2 .87
27. N E 1 B3 .83
28. SPR E 3 B4 .83
29. SPR E 2 B2 .80
30. SPR E 2 B3 .80
Table D-32 (continued)
Newman-Keuls Test for the




Group Treatment Level Blk Mean 21 22 23 2A 25 26 27 28 29 30
1. SPR C 1 B2 1.37 .9295 .9295 .9295 .9295 .9295 .9295 .9295 .9295 .9295 .9295
2. SPR C 1 Bl 1.37 .9295 .9295 .9295 .9295 .9295 .9295 .9295 .9295 .9295 .9295
3. SPR C 2 B5 1.33 .9223 .9295 .9295 .9295 .9295 .9295 .9295 .9295 .9295 .9295
A. SPR C 2 B2 1.30 .9150 .9223 .9295 .9295 .9295 .9295 .9295 .9295 .9295 .9295
5. SPR C 2 B3 1.30 .9060 .9150 .9223 .9295 .9295 .9295 .9295 .9295 .9295 .9295
6. N C 1 B5 1.30 .8969 .9060 .9150 .9223 .9295 .9295 .9295 .9295 .9295 .9295
7. SPR C 1 Bl 1.27 .8878 .8669 .9060 .9150 .9223 .9295 .9295 .9295 .9295 .9295
8. SPR C 1 B3 1.27 .8770 .8878 .8669 .9060 .9150 .9223 .9295 .9295 .9295 .9295
9. N C 1 Bl 1.23 .8661 .8770 .8878 .8669 .9060 .9150 .9223 .9295 .9295 .9295
10. N C 1 BA 1.20 .8552 .8611 .8770 .8878 .8669 .9060 .9150 .9223 .9295 .9295
11. SPR C 3 B3 1.30 .8A07 .8552 .8611 .8770 .8878 .8669 .9060 .9150 .9223 .9295
12. SPR C 1 BA 1.17 .8262 • 8A07 .8552 .8661 .8770 .8878 .8669 .9060 .9150 .9223
13. SPR E 1 B2 1.17 .8117 .8262 • 8A07 .8552 .8661 .8770 .8878 .8669 .9060 .9150
1A. N C 1 B3 1.13 .7900 .8117 .8262 .8A07 .8552 .8661 .8770 .8878 .8669 .9060
15. SPR E 2 Bl 1.10 .7682 .7900 .8117 .8262 .8A07 .8552 .8661 .8770 .8878 .8669
16. SPR E 1 BA 1.03 .7A29 .7682 .7900 .8117 .8262 • 8A07 .8552 .8661 .8770 .8878
17. SPR C 1 B5 1.00 .7103 .7A29 .7692 .7900 .8117 .8262 • 8A07 .8552 .8661 .8770
18. SPR c 2 Bl 1.00 .6686 .7103 • 7A29 .7692 .7900 .8117 .8262 • 8A07 .8552 .8661
19. SPR c 3 B2 1.00 .6088 .6686 .7103 .7A29 .7692 .7900 .8117 .8262 .8A07 .8552
20. SPR E 1 B3 .97 .5073 .6088 .6686 .7103 .7A29 .7692 .7900 .8117 .8262 .8A07
21. SPR C 3 B5 .93 .5073 .6088 .6686 .7103 • 7A29 .7692 .7900 .8117 .8262
22. SPR E 1 B5 .93 .5073 .6088 .6686 .7103 .7A29 .7692 .7900 .8117
23. N E 1 B2 .87 .5073 .6088 .6686 .7103 • 7A29 .7692 .7900
2A. SPR C 3 Bl .87 .5073 .6088 .6686 .7103 . 7A29 .7692
25. SPR C 3 BA .87 .5073 .6088 .6686 .7103 .7A29
26. SPR E 3 B2 .87 , .5073 .6088 .6686 .7103
27. N E 1 B3 .83 .5073 .6088 .6686
28. SPR E 3 BA .83 .5073 .6088
29. SPR E 2 B2 .80 .5073
30. SPR E 2 B3 .80 320
Table D-32 (continued)
Newman-Keuls Test for the




Group Treatment Level Blk Mean 31 32 33 34 35 36 37 38 39 40
1. SPR C I B2: 1.37 .0000* .5073* .6088* .6686* .7103 .7429 .7682* .7900* .8117 .8262*
2. SPR C I Bl: 1.37 .9295 .0000* .5073* .6088* .6686* .7103* .7429* .7682* .7900* .8117*
3. SPR C 2 B5: 1.33 .9295 .9295 ;oooo* .5073* .6088* .6686* .7103* .7429* .7682 .7900*
4. SPR C 2 B2: 1.30 .9295 .9295 .9295 .0000* .5073* .6088* .6686* .7103* .7429 .7682*
5. SPR C 2 B3: 1.30 .9295 .9295 .9295 .9295 .0000* .5073* .6088* .6686* .7103* .7429*
6. N C 1 B5: 1.30 .9295 .9295 .9295 .9295 .9295 .0000* .5073* .6088* .6686* .7103*
7. SPR c 1 Bl: 1.27 .9295 .9295 .9295 .9295 .9295 .9295 .0000* .5073* .6088* .6686*
8. SPR c 1 B3: 1.27 .9295 .9295 .9295 .9295 .9295 .9295 .9295 .0000* .5073* .6088*
9. N c 1 Bl: 1.23 .9295 .9295 .9295 .9295 .9295 .9295 .9295 .9295 .0000* .5073*
10. N c 1 B4: 1.20 .9259 .9295 .9295 .9295 .9295 .9295 .9295 .9295 .9295 .0000*
11. SPR c 3 B3: 1.30 .9295 .9295 .9295 .9295 .9295 .9295 .9295 .9295 .9295 .9295
12. SPR c 1 B4: 1.17 .9295 .9295 .9295 .9295 .9295 .9295 .9295 .9295 .9295 .9295
13. SPR E 1 B2: 1.17 .9223 .9295 .9295 .9295 .9295 .9295 .9295 .9295 .9295 .9295
14. N C 1 B3: 1.13 .9150 .9223 .9295 .9295 .9295 .9295 .9295 .9295 .9295 .9295
15. SPR E 2 Bl: 1.10 .9060 .9150 .9223 .9295 .9295 .9295 .9295 .9295 .9295 .9295
16. SPR E • 1 B4: 1.03 .8669 .9060 .9150 .9223 .9295 .9295 .9295 .9295 .9295 .9295
17. SPR C 1 B5: 1.00 .8878 .8669 .9060 .9150 .9223 .9295 .9295 .9295 .9295 .9295
18. SPR C 2 Bl: 1.00 .8770 .8878 .8669 .9060 .9150 .9223 .9295 .9295 .9295 .9295
19. SPR C 3 B2: 1.00 .8661 .8770 .8878 .8669 .9060 .9150 .9223 .9295 .9295 .9295
20. SPR E 1 B3: .97 .8552 .8661 .8770 .8878 .8669 .9060 .9150 .9223 .9295 .9295
21. SPR C 3 B5: .93 .8407 .8552 .8661 .8770 .8878 .8669 .9060 .9150 .9223 .9295
22. SPR E 1 B5: .93 .8262 .8407 .8552 .8661 .8770 .8878 .8669 .9060 .9150 .9223
23. N E I B2: .87 .8117 .8262 .8407 .8552 .8661 .8770 .8878 .8669 .9060 .9150
24. SPR C 3 Bl: .87 .7900 .8117 .8262 .8407 .8552 .8661 .8770 .8878 .8669 .9060
25. SPR C 3 B4: .87 .7692 .7900 .8117 .8262 .8407 .8552 .8661 .8770 .8878 .8669
26. SPR E 3 B2: .87 .7429 .7692 .7900 .8117 .8262 .8400 .8552 .8661 .8770 .8878
27. N E 1 B3: .83 .7103 .7429 .7692 .7900 .8117 .8262 .8400 .8552 .8661 .8770
28. SPR E 3 B4: .83 .6686 .7103 .7429 .7692 .7900 .8117 .8262 .8400 .8552 .8661
29. SPR E 2 B2: .80 .6088 .6686 .7103 .7429 .7692 .7900 .8117 .8262 .8400 .8552
30. SPR E 2 B3: .80 .5073 .6088 .6686 .7103 .7429 .7692 .7900 .8117 .8262 .8400
Table D-32 (continued)
Newman-Keuls Test for the




Group Treatment Level Blk Mean AI 42 43 44 45 46 47 48 49 50
1. SPR C 1 B2 1.37 .8407* .8552* .8661* .8770* .8878* .8969* .9060* .9150* .9223* .9295*
2. SPR C 1 Bl 1.37 .8262* .8407* .8552* .8661* .8770* .8878* .8969* .9060* .9150* .9223*
3. SPR C 2 B5 1.33 .8117* .8262* .8407* .8552* .8661* .8770* .8878* .8969* .9060* .9150*
4. SPR C 2 B2 1.30 .7900* .8117* .8262* .8407* .8552* .8661* .8770* .8878* .8969* .9060*
5. SPR C 2 B3 1.30 .7682* .7900* .8117* .8262* .8407* .8552* .8661* .8770* .8878* .8969*
6. N C I B5 1.30 .7429* .7682* .7900* .8117* .8262* .8407* .8552* .8661* .8770* .8878*
7. SPR C 1 Bl 1.27 .7103* .7429* .7682* .7900* .8117* .8262* .8407* .8552* .8661* .8770*
8. SPR C 1 B3 1.27 .6686* .7103* .7429* .7682* .7900* .8117* .8262* .8407* .8552* .8661*
9. N C 1 Bl 1.23 .6088* .6686* .7103* .7429* .7682* .7900* .8117* .8262* .8407* .8552*
10. N C 1 B4 1.20 .5073* .6088* .6686* .7103* .7429* .7682* .7900* .8117* .8262* .8407*
11. SPR C 3 B3 1.30 .0000 .5073 .6088 .6686 .7103 .7429 .7682 .7900 .8117 .8262
12. SPR C 1 B4 1.17 .9295 .0000* .5073* .6088* .6686* .7103* .7429* .7682* .7900* .8117*
13. SPR E 1 B2 1.17 .9295 .9295 .0000* .5073* .6088* .6686* .7103* .7429* .7682* .7900*
14. N C 1 B3 1.13 .9295 .9295 .9295 .0000* .5073* .6088* .6686* .7103* .7429* .7682*
15. SPR E Bl 1.10 .9295 .9295 .9295 .9295 .0000* .5073* .6088* .6686* .7103* .7429*
16. SPR E 1 B4 1.03 .9295 .9295 .9295 .9295 .9295 .0000* .5073* .6088* .6686* .7103*
17. SPR C 1 B5 1.00 .9295 .9295 .9295 .9295 .9295 .9295 .0000* .5073* .6088* .6686*
18. SPR C Bl 1.00 .9295 .9295 .9295 .9295 .9295 .9295 .9295 .0000* .5073* .6088*
19. SPR C 3 B2 1.00 .9295 .9295 .9295 .9295 .9295 .9295 .9295 .9295 .0000* .5073*
20. SPR E 1 B3 .97 .9295 .9295 .9295 .9295 .9295 .9295 .9295 .9295 .9295 .0000*
21. SPR C 3 B5 .93 .9295 .9295 .9295 .9295 .9295 .9295 .9295 .9295 .9295 .9295
22. SPR E 1 B5 .93 .9295 .9295 .9295 .9295 .9295 .9295 .9295 .9295 .9295 .9295
23. N E 1 B2 .87 .9223 .9295 .9295 .9295 .9295 .9295 .9295 .9295 .‘9295 .9295
24. SPR C 3 Bl .87 .9150 .9293 .9295 .9295 .9295 .9295 .9295 .9295 .9295 .9295
25. SPR C 3 B4 .87 .9060 .9150 .9223 .9295 .9295 .9295 .9295 .9295 .9295 .9295
26. SPR E 3 B2 .87 .8669 .9060 .9150 .9223 .9295 .9295 .9295 .9295 .9295 .9295
27. N E 1 B3 .83 .8878 .8669 .9060 .9150 .9223 .9295 .9295 .9295 .9295 .9295
28. SPR E 3 B4 .83 .8770 .8878 .8669 .9060 .9150 .9223 .9295 .9295. .9295 .9295
29. SPR E 2 B2 .80 .8661 .8770 .8878 .8669 .9060 .9150 .9223 .9295 .9295 .9295




Newman-Keuls Test lot the




Group Treatment Level Blk Mean 51 52 53 54 55 56 57 58 59 60
1. SPR C 1 B2 1.37 .9295* .9295* .9295* .9295* .9295* .9295* .9295* .9295* .9295* .9295*
2. SPR C 1 Bl 1.37 ,9295* .9295* .9295* .9295* .9295* .9295* .9295* .9295* .9295* .9295*
3. SPR C 2 B5 1.33 .9223* .9295* .9295* .9295* .9295* .9295* .9295* .9295* .9295* .9295*
4. SPR C 2 B2 1.30 .9150* .9223* .9295* .9295* .9295* .9295* .9295* .9295* .9295* .9295*
5. SPR C 2 B3 1.30 .9060* .9150* .9223* .9295* .9295* .9295* .9295* .9295* .9295* .9295*
6. N C 1 B5 1.30 .8969* .9060* .9150* .9223* .9295* .9295* .9295* .9295* .9295* .9295*
7. SPR C 1 Bl 1.27 .8878* .8969* .9060* .9150* .9223* .9295* .9295* .9295* .9295* .9295*
8. SPR C 1 B3 1.27 .8770* .8878* .8969* .9060* .9150* .9223* .9295* .9295* .9295* .9295*
9. N C 1 Bl 1.23 .8661* .8770* .8878* .8969* .9060* .9150* .9223* .9295* .9295* .9295*
10. N C I B4 1.20 .8552* .8661* .8770* .8878* .8969* .9060* .9150* .9223* .9295* .9295*
11. SPR C 3 B3 1.30 .8407 .8552 .8661 .8770 .8878 .8969 .9060 .9150 .9223 .9295
12. SPR C 1 B4 1.17 .8262* .8407* .8552* .8661* .8770* .8878* .8969* .9060* .9150* .9223*
13. SPR E 1 B2 1.17 .8117* .8262* .8407* .8552* .8661* .8770* .8778* .8969* .9060* .9150*
14. N C 1 B3 1.13 .7900* .8117* .8262* .8407* .8552* .8661* .8770* .8778* .8969* .9060*
15. SPR E Bl 1.10 .7682* .7900* .8117* .8262* .8407* .8552* .8661* .8770* .8778* .8969*
16. SPR E 1 B4 1.03 .7429* .7682* .7900* .8117* .8262* .8407* .8552* .8661* .8770* .8778*
17. SPR C 1 B5 1.00 .7103* .7429* .7682* .7900* .8117* .8262* .8407* .8552* .8661* .8770*
18. SPR C Bl 1.00 .6686* .7103* .7429* .7682* .7900* .8117* .8262* .8407* .8552* .8661*
19. SPR C 3 B2 1.00 .6088* .6686* .7103* .7429* .7682* .7900* .8117* .8262* .8407* .8552*
20. SPR E 1 B3 .97 .5073* .6088* .6686* .7103* .7429* .7682* .7900* .8117* .8262* .8407*
21. SPR C 3 B5 .93 .0000* .5073* .6088* .6686* .7103* .7429* .7682* .7900* .8117* .8262*
22. SPR E 1 B5 .93 .9295 .0000* .5073* .6088* .6686* .7103* .7429* .7682* .7900* .8117*
23. N E 1 B2 .87 .9295 .9295 .0000 .5073 .6088 .6686 .7103 .7429 .7682 .7900
24. SPR C 3 Bl .87 .9295 .9295 .9295 .0000* .5073* .6088* .6686* .7103* .7429* .7682*
25. SPR C 3 B4 .87 .9295 .9295 .9295 .9295 .0000* .5073* .6088* .6686* .7103* .7429*
26. SPR E 3 B2 .87 .9295 .9295 .9295 .9295 .9295 .0000* .5073 .6088 .6686 .7103
27. N E 1 B3 .83 .9295 .9295 .9295 .9295 .9295 .9295 .0000* .5073* .6088* .6686
28. SPR E 3 B4 .83 .9295 .9295 .9295 .9295 .9295 .9295 .9295 .0000* .5073* .6088*
29. SPR E 2 B2 .80 .9295 .9295 .9295 .9295 .9295 .9295 .9295 .9295 .0000 .5073
30. SPR E 2 B3 .80 .9295 .9295 .9295 .9295 .9295 .9295 .9295 .9295 .9295 .0000
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Table D-32 (continued)
Newman-Keuls Test for the




Group Treatment Level Blk Mean 2 3 A 5 6 7 8 9 10
31. N C 2 Bl: .73 , , , ,
32. N C 2 B3; .70 ------- — —
33. SPR E 3 Bl: .70 ------- — —
34. SPR E 3 B3: .70
35. SPR E I Bl: .67 ------- — — — — — — — — —
36. N E 1 B5: .63 -------
37. N E 1 Bl: .60 ------- — —
38. N C 1 B2: .57 —
39. SPR E 3 B5: .57 ------- — — — — — — — — —
40. SPR E 2 B5: .47 —
41. N E 1 B4: .43 — —
42. SPR E 2 B4: .37
43. N C 2 B2: .30 ------- — — — —
44. N C 2 B5: .30 ------- —
45. N E 2 B2: .30 ------- — — —
46. N E 2 B4: .23 ------- — — — — —
47. N C 3 Bl: .20 ------- — —
48. N E 2 Bl: .20 — —
49. N C 2 B4: .17 ------- —
50. N C 3 B3: .17
51. N E 2 B3: .17 ------- — — — — —
52. N E 3 B3: .13 — — — — — —
53. N C 3 B2: .10 -------
54. N C 3 B4: .10 ------- — — — — — — — — —
55. N E 2 B5: .10 —
56. N E 3 B4: .07 ------- — — — — — — — — —
57. N E 3 Bl: .03 -------
58. H E 3 B2: .03
59. N E 2 B2: .03 -------




Newman-Keuls Test lor the




Group Treatment Level Blk Mean 11 12 13 14 15 16 17 18 19 20
31. N C 2 Bl: .73
32. N C 2 B3: .70
33. SPR E 3 Bl: .70
34. SPR E 3 B3: .70
35. SPR E 1 Bl: .67
36. N E 1 B5: .63
37. N E 1 Bl: .60
38. N C 1 B2: .57
39. SPR E 3 B5: .57
40. SPR E 2 B5: .47
41. N E 1 B4: .43
42. SPR E 2 B4: .37
43. N C 2 B2: .30
44. N C 2 B5: .30
45. N E 2 B2: .30
46. N E 2 B4: .23
47. N C 3 Bl: .20
48. N E 2 Bl: .20
49. N C 2 B4: .17
50. N C 3 B3: .17
51. N E 2 B3: .17
52. N E 3 B3: .13
53. N C 3 B2: .10
54. N C 3 B4: .10
55. N E 2 B5: .10
56. N E 3 B4: .07
57. N E 3 Bl: .03
58. N E 3 B2: .03
59. N E 2 B2: .03




Newman-Keuls Test foe the




Group Treatment Level Blk Mean 21 22 23 24 25 26 27 28 29 30
31. N C 2 Bl: .73
32. N C 2 B3: .70
33. SPR E 3 Bl: .70
34. SPR E 3 B3: .70
35. SPR E 1 Bl: .67
36. N E 1 B5: .63
37. N E 1 Bl: .60
38. N C L B2: .57
39. SPR E 3 B5: .57
40. SPR E 2 B5: .47
41. N E 1 B4: .43
42. SPR E 2 B4: .37
43. N C 2 B2: .30
44. N C 2 B5: .30
45.. N E 2 B2: .30
46. N E 2 B4: .23
47. N C 3 Bl: .20
48. N E 2 Bl: .20
49. N C 2 B4: .17
50. N C 3 B3: .17
51. N E 2 B3: .17
52. N E 3 B3: .13
53. N C 3 B2: .10
54. N C 3 B4: .10
55. N E 2 B5: .10
56. N E 3 B4: .07
57. N E 3 Bl: .03
58. N E 3 B2: .03
59. N E 2 B2: .03
60. N C 3 B5: .00
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Table D-32 (continued)
Newman-Keuls Test for the




Group Treatment Level Blk Mean 31 32 33 34 35 36 37 38 39 40
.6686 .7103 .7429 .7692 .7900 .8117 .8262
.6088 .6686 .7103 .7429 .7692 .7900 .8117
.5073 .6088 .6686 .7103 .7429 .7692 .7900
.5073 .6088 .6686 .7103 .7429 .7692
.5073 .6088 .6686 .7103 .7429




31. N C 2 Bl: .73
32. N C 2 B3: .70
33. SPR E 3 Bl: .70
34. SPR E 3 B3: .70
35. SPR E 1 Bl: .67
36. N E 1 • B5: .63
37. N E 1 Bl: .60
38. H C 1 B2: .57
39. SPR E 3 B5: .57
40. SPR E 2 B5: .47
41. N E 1 B4: .43
42. SPR E 2 B4: .37
43. N C 2 B2: .30
44. N C 2 B5: .30
45. N E 2 B2: .30
46. N E 2 B4: .23
47. N C 3 Bl: .20
48. N E 2 Bl: .20
49. N C 2 B4: .17
50. N C 3 B3: .17
51. N E 2 B3: .17
52. N E 3 B3: .13
53. N C 3 B2: .10
54. N C 3 B4: .10
55. N E 2 B5: .10
56. N E 3 B4: .07
57. N E 3 Bl: .03
58. N E 3 B2: .03
59. N E 2 B2: .03




Newman-Keuls Test for the




Group Treatment Level Blk Mean 41 42 43 44 45 46 47 48 49 50
31. N C 2 Bl: .73 .8407 .8552 .8661 .8770 .8828 .8669 .9060 .9150 .9295 .9295
32. N C 2 B3: .70 .8262 .8407 .8552 .8661 .8770 .8878 .8669 .9060 .9150 .9295
33. SPR E 3 Bl: .70 .8117 .8262 .8407 .8552 .8661 .8770 .8878 .8669 .9060 .9150
34. SPR E 3 B3: .70 .7900 .8117 .8262 .8407 .8552 .8661 .8770 .8878 .8669 .9060
35. SPR E 1 Bl: .67 .7692 .7900 .8117 .8262 .8407 .8552 .8661 .8770 .8878 .8669
36. N E 1 B5: .63 .7429 .7692 .7900 .8117 .8262 .8407 .8552 .8661 .8770 .8878
37. N E 1 Bl: .60 .7103 .7929 .7692 .7900 .8117 .8262 .8407 .8552 .8661 .8770
38. N C 1 B2: .57 .6686 .7103 .7429 .7692 .7900 .8117 .8262 .8409 .8552 .8601
39. SPR E 3 B5: .57 .6088 .6686 .7103 .7429 .7692 .7900 .8117 .8262 .8409 .8552
40. SPR E 2 B5: .47 .5073 .6088 .6686 .7103 .7429 .7692 .7900 .8117 .8262 .8409
41. N E 1 B4: .43 .5073 .6088 .6686 .7103 .7429 .7692 .7900 .8117 .8262
42. SPR E 2 B4: .37 .5073 .6088 .6686 .7103 .7429 .7692 .7900 .8117
43. N C 2 B2: .30 .5073 .6088 .6686 .7103 .7429 .7692 .7900
44. N C 2 B5: .30 .5073 .6088 .6686 .7103 .7429 .7692
45. N E 2 B2: .30 .5073 .6088 .6686 .7103 .7429
46. N E 2 B4: .23 .5073 .6088 .6686 .7103
47. N C 3 Bl: .20 .5073 .6088 .6686
48. N E 2 Bl: .20 .5073 .6088
49. N C 2 B4: .17 .5073
50. N C 3 B3: .17
51. N E 2 B3: .17
52. N E 3 B3: .13
53. N G 3 B2: .10
54. N C 3 B4: .10
55. N E 2 115: .10
56. N E 3 B4: .07
57. N E 3 Bl: .03
58. N E 3 B2: .03
59. N E 2 B2: .03
60. N C 3 B5: .00 <
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Tuble D-32 (continued)
Neuman-Keuls Test Cor the





Level Blk Mean 51 52 53 54 55 56 57 58 59 60
31. H C 2 81 .73 .9295 .9295 .9295 .9295 .9295 .9295 .9295 .9295 .9295 .0000
32. N C 2 B3 .70 .9295 .9295 .9295 .9295 .9295 .9295 .9295 .9295 .9295 .9295
33. SPR E 3 Bl .70 .9295 .9295 .9295 .9295 .9295 .9295 .9295 .9295 .9295 .9295
34. SPR E 3 B3 .70 .9150 .9295 .9295 .9295 .9295 .9295 .9295 .9295 .9295 .9295
35. SPR E I Bl .67 .9060 .9150 .9295 .‘9295 .9295 .9295 .9295 .9295 .9295 .9295
36. N E 1 B5 .63 .8669 .9060 .9150 .9295 .9295 .9295 .9295 .9295 .9295 .9295
37. N E 1 81 .60 .8878 .8669 .9060 .9150 .9295 .9295 .9295 .9295 .9295 .9295
38. N C 1 B2 .57 .8770 .8878 .8669 .9060 .9150 .9295 .9295 .9295 .9295 .9295
39. SPR E 3 85 .57 .8601 .8770 .8878 .8669 .9060 .9150 .9295 .9295 .9295 .9295
40. SPR E 2 85 14 7 .8552 .8601 .8770 .8878 .8669 .9060 .9150 .9295 .9295 .9295
41. N E 1 B4 .43 .8409 .8552 .8601 .8770 .8878 .8669 .9060 .9150 .9295 .9295
42. SPR E 2 84 .37 .8262 .8409 .8552 .8601 .8770 .8878 .8669 .9060 .9150 .9295
43. N C 2 B2 .30 .8117 .8262 .8409 .8552 .8601 .8770 .8878 .8669 .9060 .9150
44. N C 2 B5 .30 .7900 .8117 .8262 .8409 .8552 .8601 .8770 .8878 .8669 .9060
45. N E 2 B2 .30 .7692 .7900 .8117 .8262 .8409 .8552 .8601 .8770 .8878 .8669
46. N E 2 B4 .23 .7429 .7692 .7900 .8117 .8262 .8409 .8552 .8601 .8770 .8878
47. N C 3 Bl .20 .7103 .7429 .7692 .7900 .8117 .8262 .8409 .8552 .8601 .8770
48. N E 2 Bl .20 .6686 .7103 .7429 .7692 .7900 .8117 .8262 .8409 .8552 .8601
49. N C 2 B4 .17 .6088 .6686 .7103 .7429 .7692 .7900 .8117 .8262 .8409 .8552
50. H C 3 B3 .17 .5073 .6088 .6686 .7103 .7429 .7692 .7900 .8117 .8262 .8409
51. N E 2 B3 .17 .5073 .6088 .6686 .7103 .7429 .7692 .7900 .8262 .8409
52. N E 3 B3 .13 .5073 .6088 .6686 .7103 .7429 .7692 .7900 .8262
53. N C 3 B2 .10 .5073 .6088 .6686 .7103 .7429 .7692 .7900
54. N C 3 B4 .10 .5073 .6088 .6686 .7103 .7429 .7692
55. N E 2 85 .10 .5073 .6088 .6686 .7103 .7429
56. N E 3 B4 .07 .5073 .6088 .6686 .7103
57. N E 3 Bl .03 .5073 .6088 .6686
58. N E 3 B2 .03 .5073 .6088
59. N E 2 82 .03 .5073
60. N C 3 B5 .00 —
Note. The values reported In the table arc critical values for 
significance In the Neuman-Keuls methods.
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Dear P a ren ts :
Your s o n /d a u g h t e r  has  been se lected  to par t ic ipa te  in a project  
concern ing  the use of  rehea rsa l  s t r a t e g ie s  for re ta in ing  information in 
sh o r t - te rm  memory. T h is  will involve 1 t e s t  session and from 10-20 
t ra in ing  sess ions ,  each last ing a total of  10 minutes .  The t ra in ing  and 
tes t ing  sess ions  will be spaced so t h a t  no one will be involved for more 
than  30 minutes on any  d a y .  The ta sk  involves push ing  keys  which 
ac t iva te  l ights  and s o u n d .  Absolutely no unpleasan t  stimuli are 
involved. Upon completion of the  p ro ject  (approximately 3 months) I 
will be happy to d iscuss  the re su l t s  with you .  You a re  also welcome at 





A se r ie s  of 10 l ights  will come on and go off  sequent ia l ly  in a lef t  
to r ig h t  p a t t e r n .  T he re  will be a .5 second interval  between lights and 
each l ight  will remain on for  1, 1.5 , o r  2.5 seconds .  Two of the ten 
l ights  will be randomly pa i red  with a b u z z e r ,  so th a t  the  buzze r  will 
sound  when the  light  comes on .  The job of  the individual being te s ted  
will be to indicate,  by p u sh ing  the co r re sp o n d in g  key u n d e r  the  l ight,  
which l ights  were paired with the  b u z z e r .  Pushing the  co r rec t  key will 
ac t ivate  the  light and  b uzze r .
Each individual will receive 5 p rac t ice  t rials  before  the task  s t a r t s  
and  15 t r ia ls  d u r in g  the t a s k .  Tne e n t i re  p ro ce d u re  will take approx i­
mately 15 minutes .  Names of  individuals  will remain confidential and  
only g roup  scores ,  not individual sco res ,  will be used  in the final 
ana lys is  of the  d a ta .  As p a r e n t s ,  you a re  welcome and encouraged  to 
come in and observe  the  p ro ce d u re  if you des ire  to do so.
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PARENTAL C O NSENT FORM
I, (mother ,  f a th e r ,  g u a r d i a n ) ,  g r a n t  permission for  ______________
circle ap p ro p r ia te  t i t le
________________________________ to pa r t ic ipa te  in th is  r e sea r ch  project and
Pr in t  or  type  name of minor
th e  r e s e a rc h e r  to use these  da ta  as  proposed:
S ig n a tu re  of m other ,  f a th e r  or guard ian
Date of  Bir th  _______





Essential to any r e s e a r c h  conduc ted  with new in s t ru m e n ts  specifi­
cally des igned  to  measure  var iab les  in the  problem u n d e r  invest iga t ion  
was pilot tes t ing  of  t h a t  in s t rum en t  or in s t ru m en ts .  To inves t iga te
dif fe rences  in use  of  r eh ea rsa l  s t r a t e g ie s  b y  normal a n d  s e v e r e l y / p r o -  
foundly  r e t a rd e d  (SPR) indiv iduals ,  a specific in s t rum en t  was d e v e ­
loped.  A wooden box conta in ing  ten  lights  spaced  s ide by  side a t  6.99
cm in te rva ls  for a total length  of 110.49 cm was c o n s t r u c t e d .  T he
l igh ts  were controlled for  bo th  d u r a t io n ,  amount of time th e  light  
remained on ,  an d  in te rv a l ,  t h e  amount of time between one l igh t  tu rn in g  
off  and  an o th e r  tu rn in g  o n ,  or total off  t ime.  The r an g e  for dura t ion  
was from .5 seconds  (secs)  to 2 .5  secs  and th e  interval du ra t ion  was 
from 1 to 3 s e c s .  Initially i t  was th o u g h t  th a t  th e  3 sec  in terva l  and
2.5 sec  dura t ion  times would be used in the  exper imental g roup  t ra in ing  
s e s s io n s .  However,  a f t e r  close invest igation of task  performance in
a d u l t s  showed t h a t  the  t a sk  was increasing ly  diff icul t  a t  the  slower 
t imes.  It  was hypo thes ized  a t  t h a t  point th a t  th e  difficul ty was due  to 
th e  increased du ra t ion  and  in terva l  t imes which made the  total t a s k  p e r ­
formance time exceed  sh o r t  term s to re  limitations.
T h e  pilot s tu d y  was des ig n e d  to inves t iga te  the  performance  of 5- 
an d  11-year-old  SPR and normal individuals  a t  3 d i f fe ren t  time d u r a ­
t ions  in a des ign  as  follows:
337






5 -y ea r -o ld s
Normal (N=13) 
2.5 .5 1.5 2.5









2.5 .5 1.5 2.5
T he  small sample num bers  were se lected because  of the limited 
population of  SPR ind iv iduals .  Only s ta te  schools for  mentally r e t a rd e d  
individuals  were going to  be used to se lect  the  SPR populat ion.  How­
e v e r ,  with the  implementation of public law 94-142 which req u i re s  public 
schools  to p rov ide  educat ional  s e rv ic e s  to th is  p rev ious ly  neglected  
popula t ion ,  the  ins t i tu t ions  a p p e a r  to have success fu l ly  moved the i r  
y o u n g e r  individuals  out  into community based p ro g ram s .  T h u s  the loca­
tion of t h e  5 -year-o ld  SPR individuals  was extremely  difficult  to d e t e r ­
mine. After  a th re e  month s e a rc h ,  f inally ,  t h r e e  5 -y ea r -o ld s  who were 
no t  multiply handicapped  were identified in Alexandria .  F u r th e r  bad 
news was then  d iscove red ,  t h e s e  5 -yea r -o ld  individuals  were unable to 
even  approximate  success fu l  ta sk  perform ance .  T h e  doctoral  committee 
members were then informed of the  si tuation and i t  was ag reed  t h a t  the 
5 -yea r-o ld  SPR age  g ro u p  would be d ro p p e d  from the  s tu d y .  The Nor­
mal 5 -y e a r -o ld  g roup  was re ta ined  to p rov ide  a comparison bas is  for 
possible similarit ies to the  older  SPR ind iv iduals .  T he  following is the  
da ta  analys is  of th is  pilot s t u d y .
Methods
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S ub jec ts .  T he  population cons is ted  of 5- and  11-year-o ld  males 
o f  normal intelligence and only 11-year-o ld  s e v e re ly /p ro fo u n d ly  r e t a rd e d  
(SPR) males.  Initially.  5 -y ea r -o ld  SPR males were going to  be included 
in the  s tu d y ;  however ,  they  were unable  to perform the task  be ing 
u s e d .  Upon th is  d i s c o v e ry ,  t h e  doctoral committee members  were con­
tac ted  and  a sked  to ag ree  on d ro p p in g  the  5 -year-o ld  SPR g ro u p  from 
th e  s tu d y .  Dropping th e  5 -y ea r -o ld  SPR g ro u p  from th e  s tu d y  left the 
total number  of sub jec ts  in the  s tu d y  a t  45 instead of the  original 60. 
The  normal (N) g r o u p  o f  sub jec ts  was selected randomly from summer 
programs (not remedial in n a tu r e )  within East  Baton Rouge Parish as  
well a s  in Hammond, Louis iana.  Specif ically,  Wedgewood Elementary and  
the  LSU summer camp were randomly se lected in East Baton Rouge 
P a r i sh .  S t .  John 's  Elementary School,  a p r iva te  preschool in P laque-  
mine, and  a day  care  c e n te r  in Hammond prov ided  the  sources  of  the N 
g r o u p .  T he  SPR populat ion was selected accord ing  to the following cri­
te r ia :  am bula tory ,  n o n -v e rb a l ,  classif ied on school reco rd s  as  s e v e re /  
p ro fo u n d .  SPR individuals  with multiple handicaps  such  as  visual  
impairments ,  hear ing  impairments ,  or  u p p e r  limb involvements inhibit ing 
arm mobility were not se lec ted .  SPR Individuals  on high d oses  of anti ­
co n v u lsa n t  d r u g s  were not se lected  because  of possible impaired reac ­
t ion and movement t imes. P inec res t  S ta te  School, Pineville,  Louis iana, 
and Special Chi ld ren 's  Villa in Baton Rouge were sou rces  for the  SPR 
se lec t ion .  The  subjec t  d i s t r ib u t io n  to the 3 t e s t in g  times for the  pilot 







S ub jec ts :  0
All o f  the su b jec ts  selected completed all a sp ec t s  of the s tu d y .  
Permission for the  s tu d y  was ob ta ined  from the  LSI) Human and Animal 
Use Committee, East  Baton Rouge Par ish  Director of Research ,  Dr .  
Hoover,  school p r inc ipa ls .  Human Rights  and Ethics Committees a t  the  
schools  for SPR, and  p a r e n t s .
P ro ced u re .  Upon e n te r in g  th e  experimental room, each  sub jec t  
was sea ted  in a s t r a ig h t -b a c k e d  cha ir  a t  a table  d i rec t ly  in f ron t  of th e  
a p p a r a t u s  and ac ross  from th e  ex p e r im en te r .  Chair / tab le  height  rela­
t ionsh ips  were held c o n s ta n t  for all su b je c t s .  The Normal g ro u p  s u b ­
jec t s  received verbal  i n s t ru c t io n s ,  a dem onstra t ion ,  and  5 p rac t ice  t r ia ls .  
F ive -year-o ld  sub jec ts  were told they  were playing a game with the  
exp e r im en te r  and in o r d e r  to win they  had to remember which l igh ts  
had b u z z e r s .  The SPR g ro u p  received demonstra t ions  of the  t a sk  and  
were  also p ropped  (physica l ly  a s s i s te d )  th ro u g h  the  en t i re  p ro c e d u re  to 
dem ons tra te  to them the  ty p e  o f  movements they  would be r e q u i re d  to 
make. None of the su b je c ts  were told how many l ights would be pa i red  
with au d i to ry  s timulus .
T h e  p u rp o se  of th is  s tu d y  was to determine which time d u ra t io n  to 
u se  d u r in g  the  re g u la r  da ta  collection phase  of the r e s e a r c h .  T h r e e  
d i f f e re n t  times were t e s t e d ,  t h e  lowest ( .5  s e c o n d s ) ,  a middle time (1.5 
s e c o n d s ) ,  and  th e  longest  possib le  d u ra t io n  (2 .5  s e c o n d s ) .  The in te r ­
val time was held co n s ta n t  a t  1 s econd .  All o th e r  var iab les  were held
SPR Normal
5 y r s  11 y r s  5 y r s  11 y r s
.5 i . 5  2.5
0 0  5 5 5  5 5  5 5 5 5
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co n s ta n t  in o rd e r  to de te rm ine  the effects  of the  d i f f e re n t  d u ra t io n  
times.
Each sub jec t ,  a f t e r  having  received in s t ruc t ions  for t a sk  p e r fo r ­
mance mentioned above ,  was g iven  20 t ria ls  for reaction time. During 
th i s  p ro ced u re  the sub jec ts  were in s t ruc ted  to focus the i r  a t ten t ion  on 
the re d  p robe  l igh t ,  and when it came on they  were to lift th e i r  hand 
to release  the home key ,  t h u s  g iv ing  a reaction time (RT) measured  by  
clock #1. The  f i r s t  5 and las t  5 t r ia ls  of  reaction time were d isca rded  
to eliminate lack o f  familiarity an d  fa t igue e f fec ts .  T he  remaining 10 
t r ia ls  were a v e rag ed  to e s tab l ish  a mean reaction time (MRT) for each 
sub jec t .
Each sub jec t  was then  g iven  15 t r ia l s ;  each  measured response  
time (R p T ) ,  decision time (D T) ,  movement time one (MT^), movement 
time two (MT^), total r e sp o n se  time (T R T ) ,  e r r o r  one ( E ^ ,  and  e r r o r  
two (E^) .  Decision time for each sub jec t  was de termined by su b tr a c t in g  
the  mean reaction time (MRT) from th e  reaction time for each t r ia l .  In 
the even t  th a t  a negat ive  num ber  r e su l t e d ,  th e  MRT was s u b t r a c t e d  
from i tse lf  se t t ing  DT a t  zero  for  t h a t  trial o r  any o th e r  trial with a 
negat ive  d i f fe rence .  MT^ was the amount of t ime measured from the  
re lease  of the  home key to the  p ush ing  of  the r e sponse  key c o r r e s p o n d ­
ing to the  f i r s t  l ight  pa i red  with the  aud i to ry  s t imulus .  MT2 was the 
amount  of time measured  from th e  push ing  of the  response  key  c o r r e ­
sponding  to the  f i r s t  au d i to ry  stimulus to the  p u sh in g  of the  re sp o n se  
key c o r re sp o n d in g  to  the second light  paired with the aud i to ry  s t imulus .  
Total r e sponse  time was the  sum of RpT,  MT^, and MT2» E r ro r  was 
measured in two p a r t s :  Ê  c o r re sp o n d ed  to the f i r s t  5 l ights  ( le ft  to
r igh t )  and E^ to the  second se t  of  5 l igh ts .  E  ̂ and were simply the
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number  of incor rec t  r e sp o n se  keys  push ed  p r io r  to the  c o r rec t  re sp o n se  
key .
Resu l ts
The  r e su l t s  of the s tu d y  were analyzed in 3 d i f f e re n t  ways  to 
determine which p ro c e d u re  to use  for the  actual s t u d y .  In the  f i r s t  
ana lys is ,  each of the  15 t r i a l s  were t rea ted  s e p a ra te ly  a s  repea ted  mea­
s u r e s .  In the  second p ro c e d u re  th e  15 t r ia l s  were blocked into 5
g ro u p s  of  3 t r ia ls  each and in the  th i rd  p r o c e d u re  the  15 t r ia l s  were 
blocked into 3 g ro u p s  of  5 t r ia ls  e a ch .  Each of th e  3 p ro ce d u re s
yielded v ir tual ly  t h e  same r e su l t s  ex cep t  tha t  the  blocks  compensated 
for one a p p a r e n t  ou t ly ing  sco re  which was not iced as a s ignif icant  RpT* 
in the trial main ef fec t .  I t  was felt t h a t  the 5 blocks  of 3 t r ia l s  each 
would be th e  most a c c u ra te  p ro ce d u re  to use as  a form for t r e a t in g  the  
d a t a .—-T&e blocks a re  small enough  to pick u p  s ignif icant  ch a n g es  bu t  
a t  the same time extreme ch an g es  a re  contro l led  so as  not to d i s to r t  the  
e n t i r e  g r o u p ,  a s  was ev idenced  when the  15 t r ia ls  were t rea ted  s e p a r ­
a te ly .  T he  3 blocks of  5 t r ia l s  each could possib ly  allow some changes  
o v e r  t ria ls  to go unno t iced .  Although this  was no t  a p p a r e n t  in the  
pilot s tu d y  an a ly s is ,  t h a t  does no t  mean in the  actual  s t u d y  changes  
could be over looked so the  choice was no t  to take  t h a t  r i sk .  All 3 da ta
analys is  methods may be found in the  a p p e n d ix ,  however ,  f u r t h e r
re su l t s  of the  s tu d y  will be d i s cu s sed  in te rms of  the  5 blocks  of 3 
t r ia ls  each .
T h e  d e p e n d e n t  v a r iab le s  being measured were  RpT, MT^, MT2> 
TR T,  E , E2, and  DT. Two mult ivaria te  analys is  o f  va r iance  (MANOVA)
* RpT is a combination of RT and  DT.
Table 1.
5 BLOCKS (3 TRIALS EA.)
M M
A A
N Follow-Up N Follow-Up
0 Anova 0 Anova Anova
V V
Source A RT MT1 MT2 A
Ei E2
DT TRT
Group (G) * * * * * * k *
Age (A) * * * * * * k * *
G*A
Time (T) * * * * k k
G*T * * * • * *
A*T
G*A*T
Trial (Tr) * * k








were used  to analyze the  r e s u l t s .  MANOVA #1 was for RpT,  MT^, MT^. 
and  MANOVA #2 was for E^, and  r e s u l t s .  A follow-up analys is  of  
va r iance  (ANOVA) for  each s ign if ican t  MANOVA was performed.  DT 
and  TRT re su l t s  were t r e a t e d  sep a ra te ly  since the i r  inclusion in the  
MANOVA confounded th e  r e s u l t s .
S ignif icant  main e f fec ts  were found for  g ro u p  ac ross  all d e p e n d e n t  
var iab les  ex c ep t  DT (See Table  1 ) .  These  re su l t s  indicated th a t  the  
e n t i r e  s tu d y  had logical r e s u l t s  because  one would expec t  tha t  normal 
and  s e v e re ly /p ro fo u n d ly  r e t a rd e d  (SPR) individuals  would perform
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d i f fe ren t ly  on any ty p e  of t a s k .  Age was a s ignif icant  main ef fect  for 
ail d e p e n d e n t  v a r iab le s .  The older  individuals  performed b e t t e r ,  with 
more accuracy  a n d  with f a s te r  t imes than  y o u n g e r  indiv iduals .  Time as 
a main e f fec t  was found s ign if ican t  for all d e p e n d e n t  var iab les  ex cep t  
RpT,  MT2 » and  DT. Again one would expec t  th a t  performance d i f fe r ­
ence for the  .5 ,  1 .5 ,  an d  2 .5  t e s t  time would be d i f f e ren t .  Addit ion­
al ly ,  t h e  main ef fect  of trial (block) was found s ignif icant  in th e  second 
MANOVA for d e p e n d e n t  var iab les  E  ̂ and  E^. This  r e s u l t  was also 
expec ted  s ince  the  number  of e r r o r s  would be expected  to decrease  
over  t r ia ls  as individuals  became more familiar with the  ta sk  and  had a 
chance  to develop the i r  own specific  s t r a t e g y  for performance .
Group x time in te rac t ions  were found to be s ignif icant  for dep en ­
d e n t  va r iab les  MT1, T R T ,  an d  Ê  (see F igures  FI & F2) . T h e  SPR 
g roup  performance  was fair ly  cons is ten t  on MT1 and TRT for the  .5 
a n d  1.5 te s t in g  times with Ê  being low indicat ing more accuracy  in 
perfo rm ance .  In the  2.5 second tes t ing  condit ion,  the SPR performance 
on MTj and  TRT became dramat ical ly  slower with a s h a rp  increase  in 
E . The  N g roup  ind iv idua ls ,  as  e x p ec te d ,  performed cons is ten t ly  
b e t t e r  than  the  SPR g r o u p .  Additionally, MT1 and TRT a re  comparable 
ac ro ss  .5 ,  1 .5 ,  and  2.5 tes t ing  condi t ions  which was logical because  
TRT ref lec ts  performance on MT^. A gradual  increase in Ê  for  the
1.5 an d  2.5 condit ions was no ted .  Again ,  as performance d e c rease d ,  
e r r o r  inc reased .  With the  Newman-Keuls (N-K) t e s t  s ignif icant  d i f f e r ­
ences  between the  SPR and N Groups a t  the  .5 and 2.5 times were 
found .  Signif icant  d i f f e re n c es  for the  SPR g ro u p  on each time were 
also found .  The same was not  found for the  N g r o u p .  These  re su l t s  
indicated th a t ,  s ince  the  longer  te s t ing  time 2.5 made the en t i re  p roce-
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d u r e  for one trial last  a minimum of  37.5 seconds  before  a r esponse
could be made, an individual had  to be act ively  us ing  a rehea rsa l  s t r a t ­
egy  in o rd e r  to maintain information in s h o r t  term s to re  (STS) for th a t  
amount of t ime. Hence, th e  normal individuals  were able to use  r e h e a r ­
sal spon taneous ly ,  t h u s  increasing  th e i r  performance while the  SPR 
individuals  were not spon taneous ly  r e h e a r s in g .
The g ro u p  x block ( tr ia l)  in teract ion was signif icant with signif i­
can t  NK te s t s  for E1 and  E2 between g ro u p s  for all b locks.  (See 
F igure  F3) .  The  SPR g ro u p  had cons is ten t ly  more e r r o r s  than th e  N 
g roup  which was e x p ec te d .  Also t h e r e  was a cons is ten t  increase  from 
block one to block five with a s ignif icant  NK diffe rence  between blocks
3 and  4 for E2 in the  SPR g r o u p .  This  may be a t t r ib u te d  to fa t igue
effec ts  especially with the longer  tes t ing  times being av e rag ed  in .  Ê
for the  SPR g roup  also increases  across  blocks except  for  block 3, Ê  
being lower than  block 2 E^. T he  N g ro u p  also increases  in E2 on 
block 4 and  5, probably  stil l a r e su l t  of th e  2.5 tes t ing  e r r o r  r e su l t s  
being ave raged  in .  Again th e  h igher  e r r o r  ra tes  for the  SPR g roup  
indicated less use or  no use  o f  r ehea rsa l  to maintain the information in 
STS.
T he  d ep e n d e n t  var iab le  E2 was s ignif icant  in the  time x block
interact ion (F igure  F4) .  N-K t e s t s  found s ignif icant  d if ferences  only 
between blocks 3 an d  4 on the  1.5 time g ro u p  and between the  1.5 and 
.5 g roup  in block 5. T h e  lower performance of the SPR g ro u p s  o v e r
tr ia ls  as well as  in th e  longer  tes t ing  times may have affected the
r e su l t s  on th i s  g r a p h .  Addit ional ly,  more lower funct ioning SPR indivi­
duals  may have  been randomly a ss igned  to the 1.5 te s t ing  condit ion.
347




2 1 .600 
g 1.400 
g 1.200 
“  1.000 












& 0 .800  
£ 0 .6 0 0  
§ 0 .4 0 0  
Z 0.200  
0 .0 0 0
—i" ■ ■ i2 3BLOCK (A)
T
4 5







Dpomh dw ICS Co Sv*t«*
348
FIGURE F4. NUMBER OF ERRORS IN THE THREEDURATION TIMES ACROSS BLOCKS
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C r o u p  x  t im e  x  b l o c k  w a s  s i g n i f i c a n t  for o n l y  E  ̂ w i th  N-K t e s t s
s ignif icant  only for the  d i ffe rences  between SPR 2.5 time g ro u p  and all\
o th e r  times and g ro u p s  in each block (See Figure  F5) .  A pparen t  on 
th e  g ra p h  was the  increase  in e r r o r  in the  performance of the  SPR 
g ro u p  in the  2.5 te s t in g  condi t ion.  T h e  performance of the SPR g roup  
on MT.j and TRT u n d e r  t h e  1.5 and  .5 tes t ing  condit ions  was compar­
able bu t  the  MANOVA was no t  s ignif icant .  The  N g ro u p  individuals '  
per formance ,  with r e g a rd  to E^, ac ross  blocks for all 3 tes t ing  times 
.5 ,  1.5 , and  2.5 was comparable .  The  spontaneous  u se  of rehearsal  by 
the  N g roup  across  all t e s t in g  times was evidenced again  by these  
r e s u l t s .
The  age x time x block in terac t ion  was s ignif icant  for the dep en ­
d e n t  var iable  Ê  (see Figure  F6) .  N-K t e s t s  were s ignif icant  for the  
d i f fe rence  between 5 -yea r -o ld  .5 and  2.5 on all blocks and 5 -year-o ld
1.5 and 2.5 g ro u p s  on block 1. Also for the  5-year-o ld  .5 and 1.5 on 
blocks  3 and  4. In F igure  F6, t h e  5 -yea r -o lds  had more e r ro r s  u n d e r  
th e  1.5 and  2.5 tes t ing  condi t ions  which was ev idence of the  failure of 
y o u n g e r  individuals  to spon taneous ly  u se  rehearsal  s t r a t e g ie s .  The  
11-year-o lds  had more e r r o r s  u n d e r  t h e  2.5 condit ion than  the  .5 or
1.5 condit ions (F igure  F6) showing th e  need for  act ive rehearsal to 
improve perform ance .  T he  N-K te s t  found a s ignif icant  d ifference 
between the  2.5 and  1.5 g ro u p  on blocks 4 and  5.
Discussion
T h e  p u rpose  of the  pilot s tu d y  was to de termine if in fact the  task  
(specifically des igned  for this  project)  did measure the use of  rehearsa l  
s t r a t e g ie s  in SPR and  Normal indiv iduals  for a simple motor movement.
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FIGURE F5. NUM8ER OF ERRORS ON THE THREE OURATION
TIMES OF SPR AND NORMAL GROUPS ACROSS BLOCKS
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FIGURE F6. NUMBER OF ERRORS OF 5-YEAR-OLDS 
AND 11-YEAR-OLDS ON THE THREE DURATION TIMES 
ACROSS BLOCKS
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Another  p u rp o se  was to determine any major flaws o r  overall  shor tcom­
ings in the  equipment i tse lf .  T h i rd ly ,  the  p u rp o se  was to de term ine  
which d u ra t io n  time ( .5 ,  1.5 , o r  2 .5  seconds)  would allow optimum p e r ­
formance of both Normal and SPR individuals  cons is ten t ly .
The resu l t s  i l lus tra ted  b y  th e  g r a p h s  indicated t h a t  the  longer  
du ra t ion  times r e q u i re d  individuals  to util ize a spon taneous  rehea rsa l  
s t r a t e g y  if  optimum perform ance  was to be ob ta ined .  The  SPR indivi­
duals  were unable to do tha t  a s  were t h e  5 -year-o ld  Normal c h i ld re n .  
Developmental use of spontaneous  rehearsa l  has  been es tab l ished  in 
Normal ch i ld ren  by p rev ious  re se a rch  (see  Review of L i t e r a tu r e ) .  Five-  
yea r -o lds  do not spontaneously  r e h e a r s e ,  b u t  11-year-o lds  d o .  Accord­
ing to the  r e su l t s ,  the  in s t rum en t  accu ra te ly  r eq u i red  the  use of 
rehearsa l  s t r a t e g ie s .  Certain  equipment  changes  were made only to 
increase  its resilience to abuse  from the  SPR indiv iduals .  Eve ry th ing  
else ,  su c h  as  clocks and contro ls ,  worked fine.
The  purpose  o f  de termin ing  which dura t ion  time would allow for 
optimum performance of both the SPR and  Normal individuals  has  been 
es tab l ished  by the  s t u d y .  In examining the  bes t  performance in the
age  x time x block g r o u p ,  t h e  5 -y ea r -o ld s  a t  the .5 du ra t ion  time had
cons is ten t ly  super io r  performance to th e  5 -year-o lds  a t  the  o th e r  t imes 
(1 .5 ,  2.5) u n d e r  .5 second dura t ion  te s t in g  condit ion.  Cer ta in ly  p e r ­
formance u n d e r  th e  2.5 dura t ion  time was less than optimum for  both 
th e  SPR and  N g r o u p s .  T h e  longer  dura t ion  times appeared  to in tro­
duce  more variables  into the  tes t ing  condit ion which may have influ­
enced th e  re su l t s .  Some of these  o the r  var iab les  a re  a t ten t ion  s p a n s  of 
the  SPR g roup  and Normal 5 -year-o ld  g r o u p .  Fat igue was also a fac tor
since the  longer  dura t ion  times increased  th e  total t e s t in g  time p e r
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individual  by  10 minutes  o r  so making th e  total te s t in g  time for 2.5  
a b o u t  25 to 30 minutes  as  opposed  to 15 minutes  total for t h e  .5 d u r a ­
tion time condi t ion.  T h is  was important  for SPR individuals  a t  all ag e s  
a n d  for th e  5 -yea r-o ld  Normal ind iv idua ls .
T h e  Croup x Time Graph (F ig u re  F1) i l lus tra ted  N-K s ign if ican t  
d i f fe rences  be tween the  SPR an d  Normal g ro u p s  for the  .5  and  2.5 
d u ra t io n  time condi tions b u t  no t  for the 1.5 d u ra t ion  time condit ion.  
According to th is  it a p p e a r s  t h a t  the  b es t  performance for the  SPR 
g r o u p  was obta ined  u n d e r  th e  1.5  d u ra t io n  time condi t ions .  The  small 
nu m b ers  used  in th is  s tu d y  allowed for the  occu r ren c e  of  one or two
individuals  slower MT1 sco res  to dramatical ly influence the  3 or  4 o th e r
scores  in th e  g r o u p .  A pparen t ly  th is  was what h appened  with the  SPR 
g r o u p  a t  the  .5 d u ra t ion  time. The  overall  t e s t in g  times for the  1.5 
an d  2.5 dura t ion  times a p p a r e n t ly  p u sh ed  the  a t ten t ion  sp an s  of  many 
11-year-o ld  SPR individuals  and  of nea r ly  all 5 -y ea r -o ld s  beyond th e i r  
reasonable  capac i t ies .  In the  actual  s t u d y ,  7 -year-o ld  SPR individuals  
will be an added age  level a n d  th e i r  a t ten t ion  sp an s  will co r re sp o n d  
more closely to the  Normal 5-yea.r-old g ro u p  than  to the  Normal 7 - y e a r -  
o lds .  To avoid add ing  more complications to the  measurement  of p e r fo r ­
mance on the  t a sk  th e  .5 d u ra t io n  time was chosen as  th e  most a p p r o ­
p r ia te  time to use .
In conclusion,  t h e  type  of format for data  analys is  and th e  ra t ion­
ale for the  use  of t h e  .5  second dura t ion  time in the  actual  s tu d y  was
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3 BLOCKS (5 TRIALS EA.)
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